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METABOLIC GENE POLYNUCLEOTIDES 
AND POLYPEPTIDES AND USES THEREOF 

FIELD OF THE INVENTION 

The present invention relates to the ?eld of metabolic 
research, in particular the discovery of compounds effective 
for reducing body mass and useful for treating metabolic 
related diseases and disorders. The metabolic-related dis 
eases or disorders envisioned to be treated by the methods of 
the invention include, but are not limited to, hyperlipidemia, 
atherosclerosis, diabetes, and hypertension. 

BACKGROUND OF THE INVENTION 

The following discussion is intended to facilitate the 
understanding of the invention, but is not intended nor 
admitted to be prior art to the invention. 

Obesity is a public health problem that is serious, Wide 
spread, and increasing. In the United States, 20 percent of 
the population is obese; in Europe, a slightly loWer percent 
age is obese (Friedman (2000) Nature 404:632-634). Obe 
sity is associated With increased risk of hypertension, car 
diovascular disease, diabetes, and cancer as Well as 
respiratory complications and osteoarthritis (Kopelman 
(2000) Nature 404:635-643). Even modest Weight loss ame 
liorates these associated conditions. 

While still acknowledging that lifestyle factors including 
environment, diet, age and exercise play a role in obesity, 
tWin studies, analyses of familial aggregation, and adoption 
studies all indicate that obesity is largely the result of genetic 
factors (Harsh et al (2000) Nature 404:644-651). In agree 
ment With these studies, is the fact that an increasing number 
of metabolic-related genes are being identi?ed. Some of the 
more extensively studied genes include those encoding 
leptin (ob) and its receptor (db), pro-opiomelanocortin 
(Poinc), melanocortin-4-receptor (Mc4r), agouti protein 
(A’), carboxypeptidase E (fat), 5-hydroxytryptamine recep 
tor 2C (Htr2c), nescient basic helix-loop-helix 2 (Nhlh2), 
prohormone convertase 1 (PCSKl), and tubby protein 
(tubby) (rev’d in Barsh et al (2000) Nature 404:644-651). 

SUMMARY OF THE INVENTION 

The instant invention is based on Genset Metabolic 

Genes-7, 8, 9, 10, and 11 (GMG-7), (GMG-8; previously 
referred to as Cluster 9), (GMG-9; previously referred to as 
Cluster 10), (GMG-10; previously referred to as Cluster 
17(a)) and (GMG-11; previously referred to as Cluster 19) 
of human origin. GMG-7A (previously referred to as Cluster 
6 (1900)) and GMG-7B (previously referred to as Cluster 6 
(d)) correspond to splice variants of GMG-7. GMG-7A, 
GMG-8, GMG-10, and GMG-11 are comprised of a C-ter 
minal globular Clq homology domain. GMG-7B lacks the 
C-terminal globular Clq homology domain present in 
GMG-7A. GMG-9 is comprised near its N-terminus of a 
truncated globular Clq homology domain. Analysis of the 
C-terminal globular Clq homology domain of APMl has 
shoWn it to structurally resemble TNFot. By analogy to 
APMl, biological activity can also reside in polypeptide 
fragments exclusive of all or part of the globular Clq 
homology domain. Results from Northern blot analysis 
indicate expression of GMG-7 in heart and brain, expression 
of GMG-8 in brain, and expression of GMG-11 in brain and 
pancreas. 

The invention includes polypeptides encoded by GMG 
7A, GMG-7B, GMG-8, GMG-9, GMG-10, and GMG-11, 
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2 
Which include both the full-length polypeptide and frag 
ments thereof, preferably but not intended to be limited to 
said polypeptide fragments comprising all or part of the 
C-terminal globular Clq homology domain. The GMG-7A, 
GMG-7B, GMG-8, GMG-9, GMG-10, and GMG-11 
polypeptide fragments of the invention have in vitro and in 
vivo biological activity as described herein, including utility 
for Weight reduction, prevention of Weight gain and control 
of blood glucose levels in humans and other mammals. More 
speci?cally, the biological activities of the GMG-7A, GMG 
7B, GMG-8, GMG-9, GMG-10, and GMG-11 polypeptides, 
including fragments, include reduction of elevated free fatty 
acid levels caused by administration of epinephrine, iv. 
injection of “intralipid”, or administration of a high fat test 
meal, as Well as increased fatty acid oxidation in muscle 
cells, reduction in glucose levels, modulation of energy 
expenditure, resistance to insulin and Weight reduction in 
mammals consuming a high fat/high sucrose diet. Polypep 
tide fragments of the invention have activities overlapping 
but distinct from that of the full-length polypeptide. 

Thus, the invention is draWn to GMG-7A, GMG-7B, 
GMG-8, GMG-9, GMG-10, and GMG-11 polypeptides, 
polynucleotides encoding said GMG-7A, GMG-7B, GMG 
8, GMG-9, GMG-10, and GMG-11 polypeptides, vectors 
comprising said GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-10, and GMG-11 polynucleotides, and cells recom 
binant for said GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-10, and GMG-11 polynucleotides, as Well as to phar 
maceutical and physiologically acceptable compositions 
comprising said GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-10, and GMG-11 polypeptides and methods of admin 
istering said GMG-7A, GMG-7B, GMG-8, GMG-9, GMG 
10, and GMG-11 pharmaceutical and physiologically 
acceptable compositions in order to reduce body Weight or 
to treat metabolic-related diseases and disorders. Assays for 
identifying agonists and antagonists of metabolic-related 
activity are also part of the invention. 

In a ?rst aspect, the invention features puri?ed, isolated, 
or recombinant GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-10, and GMG-11 polypeptides or GMG-7A, GMG 
7B, GMG-8, GMG-9, GMG-10, and GMG-11 polypeptide 
fragments that have lipid partitioning, lipid metabolism, and 
insulin-like activitics. Prcfcrrcd GMG-7A, GMG-7B, 
GMG-8, GMG-9, GMG-10, and GMG-11 polypeptide frag 
ments have activity, Wherein said activity is also selected 
from the group consisting of lipid partitioning, lipid metabo 
lism, and insulin-like activity. In preferred embodiments, 
said polypeptide fragment comprises, consists essentially of, 
or consists of, at least 6 consecutive amino acids and not 
more than 710 consecutive amino acids of SEQ ID NO: 2; 
at least 6 and not more than 471 consecutive amino acids of 
SEQ ID NO: 4; at least 6 consecutive amino acids and not 
more than 201 consecutive amino acids of SEQ ID NO: 6; 
at least 6 and not more than 446 consecutive amino acids of 
SEQ ID NO: 8; at least 6 consecutive amino acids and not 
more than 296 consecutive amino acids of SEQ ID NO: 10; 
or at least 6 and not more than 205 consecutive amino acids 
of SEQ ID NO: 12. 

In preferred embodiments, GMG-7A polypeptide frag 
ments having activity are selected from amino acids 2-710, 
1-262, 263-710, 1-263, 264-710 1-552, 553-710, 554-710, 
561-710, 568-710, 575-710, 580-710, 581-710, 1-275 or 
276-710 of SEQ ID NO: 2. In other preferred embodiments, 
GMG-7B polypeptide fragments having activity are selected 
from amino acids 2-471, 1-442, 443-471, 1-443, 444-471, 
1-262, 263-471, 1-263, 264-471, 1-275 or 276-471 of SEQ 
ID NO: 4. In other preferred embodiments, GMG-8 
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polypeptide fragments having activity are selected from 
amino acids 28-201, 40-201, 54-201, 66-201, 70-201, or 
71-201 of SEQ ID NO: 6. In other preferred embodiments, 
GMG-9 polypeptide fragments having activity are selected 
from amino acids 25-446, 228-356, 228-360, 228-431, 228 
446, 231-356, 231-360, 231-431, 231-446, 233-356, 233 
360, 233-431, 233-446, 236-356, 236-360, 236-431, 236 
446, 240-356, 240-360, 240-431, 240-446, 241-356, 241 
360, 241-431, 241-446, 242-356, 242-360, 242-431, or 
242-446 of SEQ ID NO: 8. In other preferred embodiments, 
GMG-10 polypeptide fragments having activity are selected 
from amino acids 8-296, 9-296, 24-296, 32-296, 39-296, 
52-296, 65-296, 71-296, 74-296, 77-296, 78-296, 81-296, 
84-296, 90-296, 92-296, 102-296, 110-296, 111-296, 120 
296, 132-296, 135-296, 148-296, 154-296 or 155-296 of 
SEQ ID NO: 10. In other preferred embodiments, GMG-ll 
polypeptide fragments having activity are selected from 
amino acids 33-205, 53-205, 54-205, 59-205, 71-205 or 
72-205 of SEQ ID NO: 12. 

In more preferred embodiments, GMG-7A polypeptide 
fragments having activity are selected from amino acids 
2-710, 1-262, 1-263, 553-710, 554-710, 568-710, 575-710 
or 1-275 of SEQ ID NO: 2. In other more preferred 
embodiments, GMG-7B polypeptide fragments having 
activity are selected from amino acids 2-471, 14-42, 1-443, 
1-262, 1-263, or 1-275 of SEQ ID NO: 4. In other more 
preferred embodiments, GMG-8 polypeptide fragments hav 
ing activity are selected from amino acids 28-201, 54-201 or 
66-201 of SEQ ID NO: 6. In other more preferred embodi 
ments, GMG-9 polypeptide fragments having activity are 
selected from amino acids 254-46, 228-356, 228-360, 228 
431, 228-446, 231-356, 231-360, 231-431, 231-446, 241 
356, 241-360, 241-431 or 241-446 of SEQ ID NO: 8. In 
other more preferred embodiments, GMG-10 polypeptide 
fragments having activity are selected from amino acids 
8-296, 9-296, 24-296, 52-296, 71-296, 74-296, 81-296, 
84-296, 110-296, 111-296, 120-296, 132-296, 135-296, 148 
296, 154-296 or 155-296 of SEQ ID NO: 10. In other more 
preferred embodiments, GMG-11 polypeptide fragments 
having activity are selected from amino acids 33-205, 
53-205, 54-205 or 59-205 of SEQ ID NO: 12. 

In further preferred embodiments, said polypeptide frag 
ment comprises an amino acid sequence at least 70%, 75%, 
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98%, or 99% identical to the corresponding consecutive 
amino acids of the polypeptide sequences identi?ed in SEQ 
ED NO: 2, 4, 6, 8, 10, or 12. 

The invention further provides a puri?ed or isolated 
polypeptide comprising, consisting of, or consisting essen 
tially of an amino acid sequence selected from the group 
consisting of: (a) a full-length at least 90%, 91%, 92%, 93%, 
94%, 95%, 96%, 97%, 98%, or 99% identical to the corre 
sponding amino acids polypeptide of SEQ ID NOs: 2, 4, 6, 
8, 10, or 12; (b) a full-length GMG-7A, GMG-7B, GMG-8, 
GMG-9, GMG-10, or GMG-11 polypeptide of SEQ ID NOs: 
2, 4, 6, 8, 10, or 12 absent the N-terminal Met; (c) a mature 
GMG-8, GMG-9, GMG-10 or GMG-11 polypeptide of SEQ 
ID NOs: 6, 8, 10, or 12 lacking signal peptide; (d) a 
GMG-7A polypeptide of SEQ ID NO: 2 Wherein said 
GMG-7A polypeptide is of any one integer in length 
betWeen 6 amino acids and 710 amino acids (full-length) 
inclusive of SEQ ED NO: 2, a GMG-7B polypeptide of SEQ 
ID NO: 4 Wherein said GMG-7B polypeptide is of any one 
integer in length betWeen 6 amino acids and 471 amino acids 
(full-length) inclusive of SEQ ID NO: 4, a GMG-8 polypep 
tide of SEQ ID NO: 6 Wherein said GMG-8 polypeptide is 
of any one integer in length betWeen 6 amino acids and 201 
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4 
amino acids (full-length) inclusive of SEQ ID NO: 6, a 
GMG-9 polypeptide of SEQ ID NO: 8 Wherein said GMG-8 
polypeptide is of any one integer in length betWeen 6 amino 
acids and 446 amino acids (full-length) inclusive of SEQ ID 
NO: 8; or a GMG-10 polypeptide of SEQ ID NO: 10 
Wherein said GMG-10 polypeptide is of any one integer in 
length betWeen 6 amino acids and 296 amino acids (full 
length) inclusive of SEQ ID NO: 10; or a GMG-11 polypep 
tide of SEQ ID NO: 12 Wherein said GMG-11 polypeptide 
is of any one integer in length betWeen 6 amino acids and 
205 amino acids (full-length) inclusive of SEQ ID NO: 12; 
(e) the epitope-bearing fragments of a GMG-7A, GMG-7B, 
GMG-8, GMG-9, GMG-10, or GMG-11 polypeptide of 
SEQ ED NO: 2, 4, 6, 8, 10, or 12; (f) the allelic variant 
polypeptides of any of the polypeptides of (a)-(e). The 
invention further provides for fragments of the polypeptides 
of (a)-(f) above, such as those having biological activity or 
comprising biologically functional domain(s). 

In other highly preferred embodiments, GMG-7A, GMG 
7B, GMG-8, GMG-9, GMG-10, or GMG-11 polypeptides 
comprise, consist essentially of, or consist of, a puri?ed, 
isolated, or a recombinant GMG-7A, GMG-7B, GMG-8, 
GMG-9, GMG-10, or GMG-11 polypeptide fragment com 
prised of all or part of the C-terminal globular C1q homol 
ogy domain. Preferably, said GMG-7A polypeptide frag 
ment comprises, consists essentially of, or consists of, at 
least 6 consecutive amino acids of amino acids 2-710 of 
SEQ ID NO: 2. Preferably, said GMG-8 polypeptide frag 
ment comprises, consists essentially of, or consists of, at 
least 6 consecutive amino acids of amino acids 28-201 of 
SEQ ID NO: 6. Preferably, said GMG-10 polypeptide frag 
ment comprises, consists essentially of, or consists of, at 
least 6 consecutive amino acids of amino acids 24296 of 
SEQ ID NO: 10. Preferably, said GMG-ll polypeptide 
fragment comprises, consists essentially of, or consists of, at 
least 6 consecutive amino acids of amino acids 33-205 of 
SEQ ID NO: 12. In preferred embodiments, said GMG-7A 
polypeptide fragments comprised of all or part of the C-ter 
minal globular C1q homology domain and having activity 
are selected from amino acids 2-710, 263-710, 264-710, 
553-710, 554-710, 561-710, 568-710, 575-710, 580-710, 
581-710, or 276-710 of SEQ ID NO: 2. In other preferred 
embodiments, said GMG-8 polypeptide fragments having 
activity are selected from amino acids 28-201, 40-201, 
54-201, 66-201, 70-210 or 71 -201 of SEQ ID NO: 6. In other 
preferred embodiments, said GMG-10 polypeptide frag 
ments having activity are selected from amino acids 8-296, 
9-296, 24-296, 32-296, 39-296, 52-296, 65-296, 71-296, 
74-296, 77-296, 78-296, 81-296, 84-296, 90-296, 92-296, 
102-296, 110-296, 111-296, 120-296, 132-296, 135-296, 
148-296, 154-296 or 155-296 of SEQ ID NO: 10. In other 
preferred embodiments, said GMG-11 polypeptide frag 
ments having activity are selected from amino acids 33-205, 
53-205, 54-205, 59-205, 71-205 or 72-205 of SEQ ID NO: 
12. 

In more preferred embodiments, said GMG-7A polypep 
tide fragments comprised of all or part of the C-terrninal 
globular C1q homology domain and having activity are 
selected from amino acids 2-710, 553-710, 554-710, 568 
710, or 575-710 of SEQ ID NO: 2. In other more preferred 
embodiments, said GMG-8 polypeptide fragments having 
activity are selected from amino acids 28-201, 54-201 or 
66-201 of SEQ ID NO: 6. In other more preferred embodi 
ments, said GMG-10 polypeptide fragments having activity 
are selected from amino acids 8-296, 9-296, 24-296, 52-296, 
71-296, 74-296, 81-296, 84-296, 110-296, 111-296, 120 
296, 132-296, 135-296, 148-296, 154-296 or 155-296 of 
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SEQ ID NO: 10. In other more preferred embodiments, said 
GMG-11 polypeptide fragments having activity are selected 
from amino acids 33-205, 53-205, 54-205 or 59-205 of SEQ 
ID NO: 12. 

Alternatively, said GMG-7A, GMG-8, GMG-10, or 
GMG-11 polypeptide fragment comprises, consists essen 
tially of, or consists of, an amino acid sequence at least 90%, 
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% 
identical to the corresponding amino acids 568-710 of SEQ 
ID NO: 2, at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 
97%, 98%, or 99% identical to the corresponding amino 
acids 54-201 of SEQ ID NO: 6, at least 90%, 91%, 92%, 
93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to the 
corresponding amino acids 135-296 of SEQ ED NO: 10, or 
at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 
or 99% identical to the corresponding amino acids 53-205 of 
SEQ ID NO: 12. 

In a further preferred embodiment, GMG-7A, GMG-7B, 
GMG-8, GMG-9, GMG-10, and GMG-ll polypeptides are 
able to loWer circulating (either in blood, serum or plasma) 
levels (concentration) of: (i) free fatty acids, (ii) glucose, 
and/or (iii) triglycerides. Further preferred polypeptides of 
the invention demonstrating free fatty acid level loWering 
activity, glucose level loWering activity, and/or triglyceride 
level loWering activity, have an activity that is the same or 
greater than full-length GMG-7A, GMG-7B, GMG-8, 
GMG-9, GMG-10, or GMG-11 polypeptides at the same 
molar concentration, have the same or greater than transient 
activity and/or have a sustained activity. 

Further preferred GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-10, and GMG-11 polypeptides are those that signi? 
cantly stimulate muscle lipid or free fatty acid oxidation. 
Further preferred GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-10, and GMG-11 polypeptides are those that signi? 
cantly stimulate muscle lipid or free fatty acid oxidation. 

Further preferred GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-10, and GMG-11 polypeptides are those that cause 
C2C12 cells differentiated in the presence of said polypep 
tides to undergo at least 10%, 20%, 30%, 35%, or 40% more 
oleate oxidation as compared to untreated cells. 

Further preferred GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-10, and GMG-11 polypeptides are those that increase 
leptin uptake in a liver cell line (preferably BPRCL mouse 
liver cells (ATCC CRL-2217)). 

Further preferred GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-10, and GMG-11 polypeptides are those that signi? 
cantly reduce the postprandial increase in plasma free fatty 
acids due to a high fat meal. 

Further preferred GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-10, and GMG-11 polypeptides are those that signi? 
cantly reduce or eliminate ketone body production as the 
result of a high fat meal. 

Further preferred GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-10, and GMG-11 polypeptides are those that increase 
glucose uptake in skeletal muscle cells. 

Further preferred GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-10, and GMG-11 polypeptides are those that increase 
glucose uptake in adipose cells. 

Further preferred GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-10, and GMG-11 polypeptides are those that increase 
glucose uptake in neuronal cells. 

Further preferred GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-10, and GMG-11 polypeptides are those that increase 
glucose uptake in red blood cells. 

Further preferred GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-10, and GMG-11 polypeptides are those that increase 
glucose uptake in the brain. 
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6 
Further preferred GMG-7A, GMG-7B, GMG-8, GMG-9, 

GMG-10, and GMG-ll polypeptides are those that signi? 
cantly reduce the postprandial increase in plasma glucose 
folloWing a meal, particularly a high carbohydrate meal. 

Further preferred GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-10, and GMG-ll polypeptides are those that signi? 
cantly prevent the postprandial increase in plasma glucose 
folloWing a meal, particularly a high fat or a high carbohy 
drate meal. 

Further preferred GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-10, and GMG-11 polypeptides are those that increase 
insulin sensitivity. 

Further preferred GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-10, and GMG-11 polypeptides are those that inhibit 
the progression from impaired glucose tolerance to insulin 
resistance. 

Further preferred GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-10, and GMG-11 polypeptides are those that form 
multimers (e. g., heteromultimers or homomultimers) in vitro 
and/or in vivo. Preferred multimers are homodimers or 
homotrimers. Other preferred multimers are homomultimers 
comprising at least 4, 6, 8, 9, 10 or 12 GMG-7A, GMG-7B, 
GMG-8, GMG-9, GMG-10, or GMG-11 polypeptide sub 
units. Other preferred mulimers are hetero multimers com 
prising a GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-10, 
or GMG-11 polypeptide of the invention. 

Further preferred embodiments include heterologous 
polypeptides comprising one of the GMG-7A, GMG-7B, 
GMG-8, GMG-9, GMG-10, or GMG-11 polypeptides of the 
invention. 

In a second aspect, the invention features puri?ed, iso 
lated, or recombinant polynucleotides encoding said GMG 
7A, GMG-7B, GMG-8, GMG-9, GMG-10, or GMG-11 
polypeptides described in the ?rst aspect, or the complement 
thereof. A further preferred embodiment of the invention is 
a recombinant, puri?ed or isolated polynucleotide compris 
ing, or consisting of a mammalian genomic sequence, gene, 
or fragments thereof. In one aspect the sequence is derived 
from a human, mouse or other mammal. In a preferred 
aspect, the genomic sequence includes isolated, puri?ed, or 
recombinant polynucleotides comprising a contiguous span 
of at least 12, 15, 18, 20, 22, 25, 30, 35, 40, 50, 60, 70, 80, 
90, 100, 150, 200, 500, 1000, 2000, 5000, 10000 or 50000 
nucleotides of any one of the polynucleotide sequences 
described in SEQ ID NOs: 1, 3, 5, 7, 9, or 11 or the 
complements thereof, Wherein said contiguous span com 
prises a nucleotide sequence at least 90%, 91%, 92%, 93%, 
94%, 95%, 96%, 97%, 98%, or 99% identical to the corre 
sponding nucleotide sequence of the C-terminal globular 
C1q homology domains of SEQ ID NOs: 1, 3, 5, 7, 9, or 11. 
In further embodiments the polynucleotides are DNA, RNA, 
DNA/RNA hybrids, single-stranded, and double-stranded. 

In a third aspect, the invention features a recombinant 
vector comprising, consisting essentially of, or consisting of, 
said polynucleotide described in the second aspect. 

In a fourth aspect, the invention features a recombinant 
cell comprising, consisting essentially of, or consisting of, 
said recombinant vector described in the third aspect. A 
further embodiment includes a host cell recombinant for a 
polynucleotide of the invention. 

In a ?fth aspect, the invention features a pharmaceutical 
or physiologically acceptable composition comprising, con 
sisting essentially of, or consisting of, said GMG-7A, GMG 
7B, GMG-8, GMG-9, GMG-10, or GMG-11 polypeptides 
described in the ?rst aspect and, alternatively, a pharmaceu 
tical or physiologically acceptable diluent. 
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In a sixth aspect, the invention features a method of 
reducing body mass comprising providing or administering 
to individuals in need of reducing body mass said pharma 
ceutical or physiologically acceptable composition 
described in the ?fth aspect. 

In preferred embodiments, the identi?cation of said indi 
viduals in need of reducing body mass to be treated With said 
pharmaceutical or physiologically acceptable composition 
comprises genotyping GMG-7A, GMG-7B, GMG-8, GMG 
9, GMG-lO, or GMG-ll single nucleotide polymorphisms 
(SNPs) or measuring metabolic polypeptide or mRNA levels 
in clinical samples from said individuals. Preferably, said 
clinical samples are selected from the group consisting of 
plasma, urine, and saliva. Preferably, a GMG-7A, GMG-7B, 
GMG-8, GMG-9, GMG-lO, or GMG-ll polypeptide frag 
ment of the present invention is administered to an indi 
vidual With at least a 10%, 20%, 30%, 40%, 50%, 60%, 
70%, 80%, 90%, or 100% reduction in blood, serum or 
plasma levels of full-length any one or all of the GMG-7A, 
GMG-7B, GMG-8, GMG-9, GMG-ll, or GMG-ll 
polypeptides or the naturally proteolytically cleaved GMG 
7A, GMG-7B, GMG-8, GMG-9, GMG-lO, or GMG-ll 
fragments as compared to healthy, non-obese patients. 

In a seventh aspect, the invention features a method of 
preventing or treating an metabolic-related disease or dis 
order comprising providing or administering to an individual 
in need of such treatment said pharmaceutical or physiologi 
cally acceptable composition described in the ?fth aspect. In 
preferred embodiments, the identi?cation of said individuals 
in need of such treatment to be treated With said pharma 
ceutical or physiologically acceptable composition com 
prises genotyping GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-lO, or GMG-ll single nucleotide polymorphisms 
(SNPs) or measuring GMG-7A, GMG-7B, GMG-8, GMG 
9, GMG-lO, or GMG-ll polypeptide or mRNA levels in 
clinical samples from said individuals. Preferably, said clini 
cal samples are selected from the group consisting of blood, 
serum, plasma, urine, and saliva. Preferably, said metabolic 
related disease or disorder is selected from the group con 
sisting of obesity, impaired glucose tolerance, insulin resis 
tance, atherosclerosis, atheromatous disease, heart disease, 
hypertension, stroke, Syndrome X, non-insulin-dependent 
diabetes and Type II diabetes. Type II diabetes-related 
complications to be treated by the methods of the invention 
include microangiopathic lesions, ocular lesions, and renal 
lesions. Heart disease includes, but is not limited to, cardiac 
insufficiency, coronary insufficiency, and high blood pres 
sure. Other metabolic-related disorders to be treated by 
compounds of the invention include hyperlipidemia and 
hyperuricemia. Yet other metabolic-related diseases or dis 
orders of the invention include cachexia, Wasting, AIDS 
related Weight loss, cancer-related Weight loss, anorexia, and 
bulimia. In preferred embodiments, said individual is a 
mammal, preferably a human. 

In related aspects, embodiments of the present invention 
includes methods of causing or inducing a desired biological 
response in an individual comprising the steps of: providing 
or administering to an individual a composition comprising 
a GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-lO, or 
GMG-ll polypeptide, Wherein said biological response is 
selected from the group consisting of: 

(a) modulating circulating (either blood, serum, or 
plasma) levels (concentration) of free fatty acids, Wherein 
said modulating is preferably loWering; 

(b) modulating circulating (either blood, serum or plasma) 
levels (concentration) of glucose, Wherein said modulating 
is preferably loWering; 
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8 
(c) modulating circulating (either blood, serum or plasma) 

levels (concentration) of triglycerides, Wherein said modu 
lating is preferably loWering; 

(d) stimulating muscle lipid or free fatty acid oxidation; 
(c) modulating leptin uptake in the liver or liver cells, 

Wherein said modulating is preferably increasing; 
(e) modulating the postprandial increase in plasma free 

fatty acids due to a high fat meal, Wherein said modulating 
is preferably reducing; 

(f) modulating ketone body production as the result of a 
high fat meal, Wherein said modulating is preferably reduc 
ing or eliminating; 

(g) increasing cell or tissue sensitivity to insulin, particu 
larly muscle, adipose, liver or brain; and 

(h) inhibiting the progression from impaired glucose 
tolerance to insulin resistance; 

and further Wherein said biological response is signi? 
cantly greater than, or at least 10%, 20%, 30%, 35%, 40%, 
50% 75% 100% or 500% greater than, the biological 
response caused or induced by insulin alone at the same 
molar concentration. In further preferred embodiments, the 
present invention of said pharmaceutical or physiologically 
acceptable composition can be used as a method to control 
blood glucose in some persons With Non-Insulin Dependent 
Diabetes Mellitus (NIDDM, Type II diabetes) in combina 
tion With insulin therapy. 

In further preferred embodiments, the present invention of 
said pharmaceutical or physiologically acceptable composi 
tion can be used as a method to control blood glucose in 
some persons With Insulin Dependent Diabetes Mellitus 
(IDDM, Type I diabetes) in combination With insulin 
therapy. 

In further preferred embodiments, the present invention of 
said pharmaceutical or physiologically acceptable composi 
tion can be used as a method to control body Weight in some 
persons With Non-Insulin Dependent Diabetes Mellitus 
(NIDDM, Type II diabetes) in combination With insulin 
therapy. 

In further preferred embodiments, the present invention of 
said pharmaceutical or physiologically acceptable composi 
tion can be used as a method to control body Weight in some 
persons With Insulin Dependent Diabetes Mellitus (IDDM, 
Type I diabetes) in combination With insulin therapy. 

In further preferred embodiments, the present invention of 
said pharmaceutical or physiologically acceptable composi 
tion can be used as a method to control blood glucose in 
some persons With Non-Insulin Dependent Diabetes Melli 
tus (NIDDM, Type II diabetes) alone, Without combination 
of insulin therapy. 

In further preferred embodiments, the present invention of 
said pharmaceutical or physiologically acceptable composi 
tion can be used as a method to control blood glucose in 
some persons With Insulin Dependent Diabetes Mellitus 
(IDDM, Type I diabetes) alone, Without combination of 
insulin therapy. 

In further preferred embodiments, the present invention of 
said pharmaceutical or physiologically acceptable composi 
tion can be used as a method to control body Weight in some 
persons With Non-Insulin Dependent Diabetes Mellitus 
(NIDDM, Type II diabetes) alone, Without combination of 
insulin therapy. 

In further preferred embodiments, the present invention of 
said pharmaceutical or physiologically acceptable composi 
tion can be used as a method to control body Weight in some 
persons With Insulin Dependent Diabetes Mellitus (IDDM, 
Type I diabetes) alone, Without combination of insulin 
therapy. 
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In a further preferred embodiment, the present invention 
may be used in complementary therapy of NIDDM patients 
to improve their Weight or glucose control in combination 
With an insulin secretagogue (preferably oral form) or an 
insulin sensitising (preferably oral form) agent. Preferably, 
the oral insulin secretagogue is l,l-dimethyl-2-(2-mor 
pholino phenyl)guanidine fumarate (BTS67582) or a sul 
phonylurea selected from tolbutamide, tolaZamide, chlor 
propamide, glibenclamide, glimepiride, glipiZide and 
glidaZide. Preferably, the insulin sensitising agent is selected 
from metformin, ciglitaZone, troglitaZone and pioglitaZone. 

The present invention further provides a method of 
improving the body Weight or glucose control of NIDDM 
patients alone, Without an insulin secretagogue or an insulin 
sensitising agent. 

In a further preferred embodiment, the present invention 
may be used in complementary therapy of IDDM patients to 
improve their Weight or glucose control in combination With 
an insulin secretagogue (preferably oral form) or an insulin 
sensitising (preferably oral form) agent. Preferably, the 
insulin secretagogue is l,l-dimethyl-2-(2-morpholino phe 
nyl)guanidine fumarate (BTS67582) or a sulphonylurea 
selected from tolbutamide, tolaZamide, chlorpropamide, 
glibenclamide, glimepiride, glipiZide and glidaZide. Prefer 
ably, the insulin sensitising agent is selected from met 
formin, ciglitaZone, troglitaZone and pioglitaZone. 

The present invention further provides a method of 
improving the body Weight or glucose control of IDDM 
patients alone, Without an insulin secretagogue or an insulin 
sensitising agent. 

In a further preferred embodiment, the present invention 
may be administered either concomitantly or concurrently, 
With the insulin secretagogue or insulin sensitising agent for 
example in the form of separate dosage units to be used 
simultaneously, separately or sequentially (either before or 
after the secretagogue or either before or after the sensitising 
agent). Accordingly, the present invention further provides 
for a composition of pharmaceutical or physiologically 
acceptable composition and an insulin secretagogue or insu 
lin sensitising agent as a combined preparation for simulta 
neous, separate or sequential use for the improvement of 
body Weight or glucose control in NIDDM or IDDM 
patients. 

In further preferred embodiments, the present invention of 
said pharmaceutical or physiologically acceptable composi 
tion further provides a method for the use as an insulin 
sensitiser. 

In further preferred embodiments, the present invention of 
said pharmaceutical or physiologically acceptable composi 
tion can be used as a method to improve insulin sensitivity 
in some persons With Non-Insulin Dependent Diabetes Mel 
litus (N IDDM, Type II diabetes) in combination With insulin 
therapy. 

In further preferred embodiments, the present invention of 
said pharmaceutical or physiologically acceptable composi 
tion can be used as a method to improve insulin sensitivity 
in some persons With Insulin Dependent Diabetes Mellitus 
(IDDM, Type I diabetes) in combination With insulin 
therapy. 

In further preferred embodiments, the present invention of 
said pharmaceutical or physiologically acceptable composi 
tion can be used as a method to improve insulin sensitivity 
in some persons With Non-Insulin Dependent Diabetes Mel 
litus (NIDDM, Type II diabetes) Without insulin therapy. 

In an eighth aspect, the invention features a method of 
making the GMG-7A, GMG-7B, GMG-8, GMG-9, GMG 
10, and GMG-ll polypeptides described in the ?rst aspect, 
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Wherein said method is selected from the group consisting 
of: proteolytic cleavage, recombinant methodology and arti 
?cial synthesis. 

In a ninth aspect, the present invention provides a method 
of making a recombinant GMG-7A, GMG-7B, GMG-8, 
GMG-9, GMG-lO, or GMG-ll polypeptide fragment or a 
full length GMG-7A, GMG-7B, GMG-8, GMG-9, GMG 
10, or GMG-ll polypeptide, the method comprising pro 
viding a transgenic, non-human mammal Whose milk con 
tains said recombinant GMG-7A, GMG-7B, GMG-8, GMG 
9, GMG-lO, or GMG-ll polypeptide fragment or full length 
protein, and purifying said recombinant GMG-7A, GMG 
7B, GMG-8, GMG-9, GMG-lO, or GMG-ll polypeptide 
fragment or said full-length GMG-7A, GMG-7B, GMG-8, 
GMG-9, GMG-lO, or GMG-ll polypeptide from the milk of 
said non-human mammal. In one embodiment, said non 
human mammal is a coW, goat, sheep, rabbit, or mouse. In 
another embodiment, the method comprises purifying a 
recombinant full-length GMG-7A, GMG-7B, GMG-8, 
GMG-9, GMG-lO, or GMG-ll polypeptide from said milk, 
and further comprises cleaving said protein in vitro to obtain 
a desired GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-lO, 
or GMG-ll polypeptide fragment. 

In a tenth aspect, the invention features a puri?ed or 
isolated antibody capable of speci?cally binding to a 
polypeptide of the present invention. In one aspect of this 
embodiment, the antibody is capable of binding to a 
polypeptide comprising at least 6 consecutive amino acids, 
at least 8 consecutive amino acids, or at least 10 consecutive 
amino acids of the sequence of one of the polypeptide 
sequences described in SEQ ID NO: 2, 4, 6, 8, 10, or 12. 

In an eleventh aspect, the invention features a use of the 
polypeptide described in the ?rst aspect for treatment of 
metabolic-related diseases and disorders and/or reducing or 
increasing body mass. Preferably, said metabolic-related 
diseases and disorders are selected from the group consisting 
of obesity, insulin resistance, atherosclerosis, atheromatous 
disease, heart disease, hypertension, stroke, Syndrome X, 
non-insulin-dependent diabetes and Type II diabetes. Type II 
diabetes-related complications to be treated by the methods 
of the invention include microangiopathic lesions, ocular 
lesions, and renal lesions. Heart disease includes, but is not 
limited to, cardiac insuf?ciency, coronary insufficiency, and 
high blood pressure. Other metabolic-related disorders to be 
treated by compounds of the invention include hyperlipi 
demia and hyperuricemia. Yet other metabolic-related dis 
eases or disorders of the invention include cachexia, Wast 
ing, AIDS-related Weight loss, anorexia, and bulimia. In 
preferred embodiments, said individual is a mammal, pref 
erably a human. 

In a tWelth aspect, the invention provides a polypeptide of 
the ?rst aspect of the invention, or a composition of the ?fth 
aspect of the invention, for use in a method of treatment of 
the human or animal body. 

In a thirteenth aspect, the invention features methods of 
reducing body Weight for cosmetic purposes comprising 
providing to an individual said pharmaceutical or physi 
ologically acceptable composition described in the ?fth 
aspect, or a polypeptide described in the ?rst aspect. Pref 
erably, for said reducing body Weight said individual has a 
BMI of at least 20 and no more than 25. Alternatively, for 
said increasing body Weight said individual preferably has a 
BMI of at least 15 and no more than 20. 

In a fourteenth aspect, the invention features the pharma 
ceutical or physiologically acceptable composition 
described in the ?fth aspect for reducing body mass and/or 
for treatment or prevention of metabolic-related diseases or 
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disorders. Preferably, said metabolic-related disease or dis 
order is selected from the group consisting of obesity, 
impaired glucose tolerance, insulin resistance, atherosclero 
sis, atheromatous disease, heart disease, hypertension, 
stroke, Syndrome X, non-insulin-dependent diabetes and 
Type II diabetes. Type II diabetes-related complications to 
be treated by the methods of the invention include microan 
giopathic lesions, ocular lesions, and renal lesions. Heart 
disease includes, but is not limited to, cardiac insufficiency, 
coronary insufficiency, and high blood pressure. Other meta 
bolic-related disorders to be treated by compounds of the 
invention include hyperlipidemia and hyperuricemia. Yet 
other metabolic-related diseases or disorders of the inven 
tion include cachexia, Wasting, AIDS-related Weight loss, 
cancer-related Weight loss, anorexia, and bulimia. In pre 
ferred embodiments, said individual is a mammal, prefer 
ably a human. In preferred embodiments, the identi?cation 
of said individuals to be treated With said pharmaceutical or 
physiologically acceptable composition comprises genotyp 
ing GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-lO, or 
GMG-ll single nucleotide polymorphisms (SNPs) or mea 
suring GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-lO, or 
GMG-ll polypeptides or mRNA levels in clinical samples 
from said individuals. Preferably, said clinical samples are 
selected from the group consisting of blood, serum, plasma, 
urine, and saliva. 

In a ?fteenth aspect, the invention features the pharma 
ceutical or physiologically acceptable composition 
described in the ?fth aspect for reducing body Weight for 
cosmetic reasons. 

In a sixteenth aspect, the invention features methods of 
treating insulin resistance comprising providing to an indi 
vidual said pharmaceutical or physiologically acceptable 
composition described in the ?fth aspect, or a polypeptide 
described in the ?rst aspect. 

In a seventeenth aspect, the invention features the phar 
maceutical or physiologically acceptable composition 
described in the ?fth aspect in a method of treating indi 
viduals With normal glucose tolerance (NGT) Who are obese 
or Who have fasting hyperinsulinemia, or Who have both. 

In further preferred embodiments, the invention features 
the pharmaceutical or physiologically acceptable composi 
tion described in the ?fth aspect in a method of treating 
individuals With gestational diabetes. Gestational diabetes 
refers to the development of diabetes in an individual during 
pregnancy, usually during the second or third trimester of 
pregnancy. 

In further preferred embodiments, the invention features 
the pharmaceutical or physiologically acceptable composi 
tion described in the ?fth aspect in a method of treating 
individuals With impaired fasting glucose (IFG). Impaired 
fasting glucose (IFG) is that condition in Which fasting 
plasma glucose levels in an individual are elevated but not 
diagnostic of overt diabetes, i.e. plasma glucose levels of 
less than 126 mg/dl and less than or equal to 110 mg/dl. 

In further preferred embodiments, the invention features 
the pharmaceutical or physiologically acceptable composi 
tion described in the ?fth aspect in a method of treating and 
preventing impaired glucose tolerance (IGT) in an indi 
vidual. By providing therapeutics and methods for reducing 
or preventing IGT, i.e., for normalizing insulin resistance, 
the progression to NIDDM can be delayed or prevented. 
Furthermore, by providing therapeutics and methods for 
reducing or preventing insulin resistance, the invention 
provides methods for reducing and/or preventing the appear 
ance of Insulin-Resistance Syndrome. 
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In further preferred embodiments, the invention features 

the pharmaceutical or physiologically acceptable composi 
tion described in the ?fth aspect in a method of treating a 
subject having polycystic ovary syndrome (PCOS). PCOS is 
among the most common disorders of premenopausal 
Women, affecting 5-10% of this population. Insulin-sensi 
tiZing agents, e.g., troglitaZone, have been shoWn to be 
effective in PCOS and that, in particular, the defects in 
insulin action, insulin secretion, ovarian steroidogenosis and 
?brinolysis are improved (Ehrrnan et al. (1997) J Clin Invest 
10011230), such as in insulin-resistant humans. Accordingly, 
the invention provides methods for reducing insulin resis 
tance, normalizing blood glucose thus treating and/or pre 
venting PCOS. 

In further preferred embodiments, the invention features 
the pharmaceutical or physiologically acceptable composi 
tion described in the ?fth aspect in a method of treating a 
subject having insulin resistance. 

In further preferred embodiments, a subject having insulin 
resistance is treated according to the methods of the inven 
tion to reduce or cure the insulin-resistance. As insulin 
resistance is also often associated With infections and cancer, 
prevention or reducing insulin resistance according to the 
methods of the invention may prevent or reduce infections 
and cancer. 

In further preferred embodiment, the methods of the 
invention are used to prevent the development of insulin 
resistance in a subject, e.g., those knoWn to have an 
increased risk of developing insulin-resistance. 

Thus, any of the above-described tests or other tests 
known in the art can be used to determine that a subject is 
insulin-resistant, Which patient can then be treated according 
to the methods of the invention to reduce or cure the 
insulin-resistance. Alternatively, the methods of the inven 
tion can also be used to prevent the development of insulin 
resistance in a subject, e.g., those knoWn to have an 
increased risk of developing insulin-resistance. 

In an eighteenth aspect, the invention features a method of 
preventing or treating an metabolic-related disease or dis 
order comprising providing or administering to an individual 
in need of such treatment said pharmaceutical or physiologi 
cally acceptable composition described in the ?fth aspect. In 
preferred embodiments, the identi?cation of said individuals 
in need of such treatment to be treated With said pharma 
ceutical or physiologically acceptable composition com 
prises genotyping GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-lO, or GMG-ll single nucleotide polymorphisms 
(SNPs) or measuring GMG-7A, GMG-7B, GMG-8, GMG 
9, GMG-lO, or GMG-ll polypeptide or mRNA levels in 
clinical samples from said individuals. Preferably, said clini 
cal samples are selected from the group consisting of blood, 
serum, plasma, urine, and saliva. Preferably, said metabolic 
related disease or disorder is selected from the group con 
sisting of obesity, impaired glucose tolerance, insulin resis 
tance, atherosclerosis, atheromatous disease, heart disease, 
hypertension, stroke, Syndrome X, non-insulin-dependent 
diabetes and Type II diabetes. Type II diabetes-related 
complications to be treated by the methods of the invention 
include microangiopathic lesions, ocular lesions, and renal 
lesions. Heart disease includes, but is not limited to, cardiac 
insu?iciency, coronary insufficiency, and high blood pres 
sure. Other metabolic-related disorders to be treated by 
compounds of the invention include hyperlipidemia and 
hyperuricemia. Yet other metabolic-related diseases or dis 
orders of the invention include cachexia, Wasting, FIV 
related Weight loss, cancer-related Weight loss, anorexia, and 
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bulimia. In preferred embodiments, said individual is a 
mammal, preferably non-human, preferably a cat or a dog. 

In a nineteenth aspect, the invention features a method of 

using a GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-lO, or 
GMG-ll polypeptide or polypeptide fragment to screen 
compounds for one or more antagonists of GMG-7A, GMG 
7B, GMG-8, GMG-9, GMG-l0, or GMG-ll polypeptide or 
polypeptide fragment activity, Wherein said activity is 
selected from but not restricted to lipid partitioning, lipid 
metabolism, and insulin-like activity. 

In preferred embodiment, said compound is selected from 
but is not restricted to small molecular Weight organic or 
inorganic compound, protein, peptide, carbohydrate, or 
lipid. 

In a preferred aspect of the methods above and disclosed 
herein, the amount of GMG-7A, GMG-7B, GMG-8, GMG 
9, GMG-l0, or GMG-ll polypeptide or polynucleotide 
administered to an individual is suf?cient to bring circulat 
ing (blood, serum, or plasma) levels (concentration) of 
GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-lO, or GMG 
ll polypeptides to their normal levels (levels in non-obese 
individuals). “Normal levels” may be speci?ed as the total 
concentration of all circulating GMG-7A, GMG-7B, GMG 
8, GMG-9, GMG-l0, or GMG-ll polypeptides (full-length 
GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-lO, or GMG 
11 proteins and fragments thereof) or the concentration of all 
circulating proteolytically cleaved GMG-7A, GMG-7B, 
GMG-8, GMG-9, GMG-l0, or GMG-ll polypeptides only. 

In a further preferred aspect of the methods above and 
disclosed herein, Weight loss is due in part or in Whole to a 
decrease in mass of either a) subcutaneous adipose tissue 
and/or b) visceral (omental) adipose tissue. 

Full-length GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-l0, or GMG-ll polypeptides and polynucleotides 
encoding the same may be speci?cally substituted for a 
GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-lO, or GMG 
ll polypeptide fragment or polynucleotide encoding the 
same in any embodiment of the present invention. 

DETAILED DESCRIPTION OF THE SEQUENCE 
LISTING 

SEQ ID N011 represents the cDNA sequence of GMG 
7A. 

SEQ ID N012 represents the amino acid sequence 
encoded by the cDNA of SEQ ID N011. 
SEQ ID N013 represents the cDNA sequence of GMG 

7B. 

SEQ ID N014 represents the amino acid sequence 
encoded by the cDNA of SEQ ID N013. 
SEQ ID N015 represents the polynucleotide sequence of 

GMG-8. 
SEQ ID N016 represents the amino acid sequence 

encoded by the polynucleotide sequence of SEQ ID N015. 
SEQ ID N017 represents the cDNA sequence of GMG-9. 
SEQ ID N018 represents the amino acid sequence 

encoded by the cDNA of SEQ ID N017. 
SEQ ID N019 represents the cDNA sequence of GMG 

l0. 

SEQ ID N01l0 represents the amino acid sequence 
encoded by the cDNA of SEQ ID N019. 
SEQ ID N01ll represents the cDNA sequence of GMG 

ll. 

SEQ ID N01l2 represents the amino acid sequence 
encoded by the cDNA of SEQ ID N01ll. 
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DETAILED DESCRIPTION OF THE 

INVENTION 

Before describing the invention in greater detail, the 
folloWing de?nitions are set forth to illustrate and de?ne the 
meaning and scope of the terms used to describe the inven 
tion herein. 
As used interchangeably herein, the terms “oligonucle 

otides”, and “polynucleotides” and nucleic acid include 
RNA, DNA, or RNA/DNA hybrid sequences of more than 
one nucleotide in either single chain or duplex form. The 
terms encompass “modi?ed nucleotides” Which comprise at 
least one modi?cation, including by Way of example and not 
limitation: (a) an alternative linking group, (b) an analogous 
form of purine, (c) an analogous form of pyrimidine, or (d) 
an analogous sugar. For examples of analogous linking 
groups, purines, pyrimidines, and sugars see for example 
PCT publication No. W0 95/04064. The polynucleotide 
sequences of the invention may be prepared by any knoWn 
method, including synthetic, recombinant, ex vivo genera 
tion, or a combination thereof, as Well as utiliZing any 
puri?cation methods knoWn in the art. 
The terms polynucleotide construct, recombinant poly 

nucleotide and recombinant polypeptide are used herein 
consistently With their use in the art. The terms “upstream” 
and “doWnstream” are also used herein consistently With 
their use in the art. The terms “base paired” and “Watson & 
Crick base paired” are used interchangeably herein and 
consistently With their use in the art. Similarly, the terms 
“complementary”, “complement thereof”, “complement”, 
“complementary polynucleotide”, “complementary nucleic 
acid” and “complementary nucleotide sequence” are used 
interchangeably herein and consistently With their use in the 
art. 
The term “puri?ed” is used herein to describe a poly 

nucleotide or polynucleotide vector of the invention that has 
been separated from other compounds including, but not 
limited to, other nucleic acids, carbohydrates, lipids and 
proteins (such as the enZymes used in the synthesis of the 
polynucleotide). Puri?ed can also refer to the separation of 
covalently closed polynucleotides from linear polynucle 
otides, or vice versa, for example. A polynucleotide is 
substantially pure When at least about 50%, 60%, 75%, or 
90% of a sample contains a single polynucleotide sequence. 
In some cases this involves a determination betWeen con 

formations (linear versus covalently closed). A substantially 
pure polynucleotide typically comprises about 50, 60, 70, 
80, 90, 95, 99% Weight/Weight of a nucleic acid sample. 
Polynucleotide purity or homogeneity may be indicated by 
a number of means Well knoWn in the art, such as agarose 
or polyacrylamide gel electrophoresis of a sample, folloWed 
by visualiZing a single polynucleotide band upon staining 
the gel. For certain purposes, higher resolution can be 
achieved by using HPLC or other means Well knoWn in the 
art. 

Similarly, the term “puri?ed” is used herein to describe a 
polypeptide of the invention that has been separated from 
other compounds including, but not limited to, nucleic acids, 
lipids, carbohydrates and other proteins. In some preferred 
embodiments, a polypeptide is substantially pure When at 
least about 50%, 60%, 75%, 85%, 90%, 95%, 96%, 97%, 
98%, 99%, or 99.5% of the polypeptide molecules of a 
sample have a single amino acid sequence. In some pre 
ferred embodiments, a substantially pure polypeptide typi 
cally comprises about 50%, 60%, 70%, 80%, 90% 95%, 
96%, 97%, 98%, 99% or 99.5% Weight/Weight ofa protein 
sample. Polypeptide purity or homogeneity is indicated by a 
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number of methods well known in the art, such as agarose 
or polyacrylamide gel electrophoresis of a sample, followed 
by visualiZing a single polypeptide band upon staining the 
gel. For certain purposes, higher resolution can be achieved 
by using HPLC or other methods well known in the art. 

Further, as used herein, the term “puri?ed” does not 
require absolute purity; rather, it is intended as a relative 
de?nition. Puri?cation of starting material or natural mate 
rial to at least one order of magnitude, preferably two or 
three orders, and more preferably four or ?ve orders of 
magnitude is expressly contemplated. Alternatively, puri? 
cation may be expressed as “at least” a percent purity 
relative to heterologous polynucleotides (DNA, RNA or 
both) or polypeptides. As a preferred embodiment, the 
polynucleotides or polypeptides of the present invention are 
at least; 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 
95%, 96%, 96%, 98%, 99%, 99.5% or 100% pure relative to 
heterologous polynucleotides or polypeptides. As a further 
preferred embodiment the polynucleotides or polypeptides 
have an “at least” purity ranging from any number, to the 
thousandth position, between 90% and 100% (e.g., at least 
99.995% pure) relative to heterologous polynucleotides or 
polypeptides. Additionally, purity of the polynucleotides or 
polypeptides may be expressed as a percentage (as described 
above) relative to all materials and compounds other than 
the carrier solution. Each number, to the thousandth posi 
tion, may be claimed as individual species of purity. 

The term “isolated” requires that the material be removed 
from its original environment (e.g., the natural environment 
if it is naturally occurring). For example, a naturally occur 
ring polynucleotide or polypeptide present in a living animal 
is not isolated, but the same polynucleotide or DNA or 
polypeptide, separated from some or all of the coexisting 
materials in the natural system, is isolated. Such polynucle 
otide could be part of a vector and/ or such polynucleotide or 
polypeptide could be part of a composition, and still be 
isolated in that the vector or composition is not part of its 
natural environment. 

Speci?cally excluded from the de?nition of “isolated” 
are: naturally occurring chromosomes (e.g., chromosome 
spreads), arti?cial chromosome libraries, genomic libraries, 
and cDNA libraries that exist either as an in vitro nucleic 
acid preparation or as a transfected/transformed host cell 
preparation, wherein the host cells are either an in vitro 
heterogeneous preparation or plated as a heterogeneous 
population of single colonies. Also speci?cally excluded are 
the above libraries wherein a 5' EST makes up less than 5% 
(or alternatively 1%, 2%, 3%, 4%, 10%, 25%, 50%, 75%, or 
90%, 95%, or 99%) of the number of nucleic acid inserts in 
the vector molecules. Further speci?cally excluded are 
whole cell genomic DNA or whole cell RNA preparations 
(including said whole cell preparations which are mechani 
cally sheared or enZymatically digested). Further speci? 
cally excluded are the above whole cell preparations as 
either an in vitro preparation or as a heterogeneous mixture 
separated by electrophoresis (including blot transfers of the 
same) wherein the polynucleotide of the invention have not 
been further separated from the heterologous polynucle 
otides in the electrophoresis medium (e.g., further separating 
by excising a single band from a heterogeneous band 
population in an agarose gel or nylon blot). 

The term “primer” denotes a speci?c oligonucleotide 
sequence which is complementary to a target nucleotide 
sequence and used to hybridiZe to the target nucleotide 
sequence. A primer serves as an initiation point for nucle 
otide polymerization catalyZed by DNA polymerase, RNA 
polymerase, or reverse transcriptase. 
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The term “probe” denotes a de?ned nucleic acid segment 

that can be used to identify a speci?c polynucleotide 
sequence present in a sample, said nucleic acid segment 
comprising a nucleotide sequence complementary to the 
speci?c polynucleotide sequence to be identi?ed. 
The term “polypeptide” refers to a polymer of amino 

acids without regard to the length of the polymer. Thus, 
peptides, oligopeptides, and proteins are included within the 
de?nition of polypeptide. This term also does not specify or 
exclude post-expression modi?cations of polypeptides. For 
example, polypeptides that include the covalent attachment 
of glycosyl groups, acetyl groups, phosphate groups, lipid 
groups and the like are expressly encompassed by the term 
polypeptide. Also included within the de?nition are 
polypeptides which contain one or more analogs of an amino 
acid (including, for example, non-naturally occurring amino 
acids, amino acids which only occur naturally in an unre 
lated biological system, modi?ed amino acids from mam 
malian systems etc.), polypeptides with substituted linkages, 
as well as other modi?cations known in the art, both 
naturally occurring and non-naturally occurring. 

Without being limited by theory, the compounds/polypep 
tides of the invention are capable of modulating the parti 
tioning of dietary lipids between the liver and peripheral 
tissues, and thus of treating “diseases involving the parti 
tioning of dietary lipids between the liver and peripheral 
tissues.” The term “peripheral tissues” is meant to include 
muscle and adipose tissue. In preferred embodiments, the 
compounds/polypeptides of the invention partition the 
dietary lipids toward the muscle. In alternative preferred 
embodiments, the dietary lipids are partitioned toward the 
adipose tissue. In other preferred embodiments, the dietary 
lipids are partitioned toward the liver. In yet other preferred 
embodiments, the compounds/polypeptides of the invention 
increase or decrease the oxidation of dietary lipids, prefer 
ably free fatty acids (FFA) by the muscle. Dietary lipids 
include, but are not limited to triglycerides and free fatty 
acids. 

Preferred diseases believed to involve the partitioning of 
dietary lipids include obesity and obesity-related diseases 
and disorders such as obesity, impaired glucose tolerance, 
insulin resistance, atherosclerosis, atheromatous disease, 
heart disease, hypertension, stroke, Syndrome X, Non-Insu 
lin Dependent Diabetes Mellitus (NIDDM, or Type II dia 
betes) and Insulin Dependent Diabetes Mellitus (IDDM or 
Type I diabetes). Diabetes-related complications to be 
treated by the methods of the invention include microan 
giopathic lesions, ocular lesions, retinopathy, neuropathy, 
and renal lesions. Heart disease includes, but is not limited 
to, cardiac insufficiency, coronary insufficiency, and high 
blood pressure. Other obesity-related disorders to be treated 
by compounds of the invention include hyperlipidemia and 
hyperuricemia. Yet other obesity-related diseases or disor 
ders of the invention include cachexia, wasting, AIDS 
related weight loss, cancer-related weight loss, anorexia, and 
bulimia. 
The term “heterologous”, when used herein, is intended to 

designate any polypeptide or polynucleotide other than a 
GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-10, or GMG 
11 polypeptide or a polynucleotide encoding a GMG-7A, 
GMG-7B, GMG-8, GMG-9, GMG-10, or GMG-11 
polypeptide of the present invention. 
The terms “comprising”, “consisting of” and “consisting 

essentially of’ are de?ned according to their standard mean 
ing. Ade?ned meaning set forth in the M.P.E.P. controls over 
a de?ned meaning in the art and a de?ned meaning set forth 
in controlling Federal Circuit case law controls over a 
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meaning set forth in the M.P.E.P. With this in mind, the terms 
may be substituted for one another throughout the instant 
application in order to attach the speci?c meaning associated 
With each term. 

The term “host cell recombinant for” a particular poly 
nucleotide of the present invention, means a host cell that 
has been altered by the hands of man to contain said 
polynucleotide in a Way not naturally found in said cell. For 
example, said host cell may be transiently or stably trans 
fected or transduced With said polynucleotide of the present 
invention. 

The term “obesity” as used herein is de?ned in the WHO 
classi?cations of Weight (Kopelman (2000) Nature 404: 
635643). Underweight is less than 18.5 (thin); Healthy is 
18.5-24.9 (normal); grade 1 overWeight is 25.0-29.9 (over 
Weight); grade 2 overWeight is 30.0-39.0 (obesity); grade 3 
overWeight is greater than or equal to 40.0 BMI. BMI is 
body mass index (morbid obesity) and is kg/m2. Waist 
circumference can also be used to indicate a risk of meta 
bolic complications Where in men a circumference of greater 
than or equal to 94 cm indicates an increased risk and greater 
than or equal to 102 cm indicates a substantially increased 
risk. Similarly for Women, greater than or equal to 88 cm 
indicates an increased risk, and greater than or equal to 88 
cm indicates a substantially increased risk. The Waist cir 
cumference is measured in cm at midpoint betWeen loWer 
border of ribs and upper border of the pelvis. Other measures 
of obesity include, but are not limited to, skinfold thickness 
Which is a measurement in cm of skinfold thickness using 
calipers, and bioimpedance, Which is based on the principle 
that lean mass conducts current better than fat mass because 
it is primarily an electrolyte solution; measurement of resis 
tance to a Weak current (impedance) applied across extremi 
ties provides an estimate of body fat using an empirically 
derived equation. 

The term “diabetes” as used herein is intended to encom 
pass the usual diagnosis of diabetes made from any of the 
methods included, but not limited to, the folloWing list: 
symptoms of diabetes (eg. polyuria, polydipsia, polyphagia) 
plus casual plasma glucose levels of greater than or equal to 
200 mg/dl, Wherein casual plasma glucose is de?ned any 
time of the day regardless of the timing of meal or drink 
consumption; 8 hour fasting plasma glucose levels of less 
than or equal to 126 mg/dl; and plasma glucose levels of 
greater than or equal to 200 mg/dl 2 hours folloWing oral 
administration of 75 g anhydrous glucose dissolved in Water. 

The term “impaired glucose tolerance (IGT)” as used 
herein is intended to indicate that condition associated With 
insulin-resistance that is intermediate betWeen frank, 
NIDDM and normal glucose tolerance (NGT). A high per 
centage of the IGT population is knoWn to progress to 
NIDDM relative to persons With normal glucose tolerance 
(Sad et al., NeW Engl J Med 1988; 319:1500-6). Thus, by 
providing therapeutics and methods for reducing or prevent 
ing IGT, i.e., for normalizing insulin resistance, the progres 
sion to NIDDM can be delayed or prevented. IGT is 
diagnosed by a procedure Wherein an affected person’s 
postprandial glucose response is determined to be abnormal 
as assessed by 2-hour postprandial plasma glucose levels. In 
this test, a measured amount of glucose is given to the 
patient and blood glucose levels measured regular intervals, 
usually every half hour for the ?rst tWo hours and every hour 
thereafter. In a “normal” or non-IGT individual, glucose 
levels rise during the ?rst tWo hours to a level less than 140 
mg/dl and then drop rapidly. In an IGT individual, the blood 
glucose levels are higher and the drop-off level is at a sloWer 
rate. 
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The term “Insulin-Resistance Syndrome” as used herein is 

intended to encompass the cluster of abnormalities resulting 
from an attempt to compensate for insulin resistance that 
sets in motion a series of events that play an important role 
in the development of both hypertension and coronary artery 
disease (CAD), such as premature atherosclerotic vascular 
disease. Increased plasma triglyceride and decreased HDL 
cholesterol concentrations, conditions that are knoWn to be 
associated With CAD, have also been reported to be asso 
ciated With insulin resistance. Thus, by providing therapeu 
tics and methods for reducing or preventing insulin resis 
tance, the invention provides methods for reducing and/or 
preventing the appearance of insulin-resistance syndrome. 
The term “polycystic ovary syndrome (PCOS)” as used 

herein is intended to designate that etiologically unassigned 
disorder of premenopausal Women, affecting 5-10% of this 
population, characterized by hyperandrogenism, chronic 
anovulation, defects in insulin action, insulin secretion, 
ovarian steroidogenesis and ?brinolysis. Women With PCOS 
frequently are insulin resistant and at increased risk to 
develop glucose intolerance or NIDDM in the third and 
fourth decades of life (Dunaif et al. (1996) J Clin Endocrinol 
Metab 81:3299). Hyperandrogenism also is a feature of a 
variety of diverse insulin-resistant states, from the type A 
syndrome, through leprechaunism and lipoatrophic diabetes, 
to the type B syndrome, When these conditions occur in 
premenopausal Women. It has been suggested that hyperin 
sulinemia per se causes hyperandrogenism. Insulin-sensitiZ 
ing agents, e.g., troglitaZone, have been shoWn to be effec 
tive in PCOS and that, in particular, the defects in insulin 
action, insulin secretion, ovarian steroidogenosis and ?brin 
olysis are improved (Ehrman et al. (1997) J Clin Invest 
10011230), such as in insulin-resistant humans. 
The term “insulin resistance” as used herein is intended to 

encompass the usual diagnosis of insulin resistance made by 
any of a number of methods, including but not restricted to: 
the intravenous glucose tolerance test or measurement of the 
fasting insulin level. It is Well knoWn that there is an 
excellent correlation betWeen the height of the fasting insu 
lin level and the degree of insulin resistance. Therefore, one 
could use elevated fasting insulin levels as a surrogate 
marker for insulin resistance for the purpose of identifying 
Which normal glucose tolerance (NGT) individuals have 
insulin resistance. Another Way to do this is to folloW the 
approach as disclosed in The NeW England Journal of 
Medicine, No. 3, pp. 1188 (1995), i.e. to select obesity as an 
initial criterion for entry into the treatment group. Some 
obese subjects have impaired glucose tolerance (IGT) While 
others have normal glucose tolerance (NGT). Since essen 
tially all obese subjects are insulin resistant, i.e. even the 
NGT obese subjects are insulin resistant and have fasting 
hyperinsulinemia. Therefore, the target of the treatment 
according to the present invention can be de?ned as NGT 
individuals Who are obese or Who have fasting hyperin 
sulinemia, or Who have both. 
A diagnosis of insulin resistance can also be made using 

the euglycemic glucose clamp test. This test involves the 
simultaneous administration of a constant insulin infusion 
and a variable rate glucose infusion. During the test, Which 
lasts 3-4 hours, the plasma glucose concentration is kept 
constant at euglycemic levels by measuring the glucose level 
every 5-10 minutes and then adjusting the variable rate 
glucose infusion to keep the plasma glucose level 
unchanged. Under these circumstances, the rate of glucose 
entry into the bloodstream is equal to the overall rate of 
glucose disposal in the body. The difference betWeen the rate 
of glucose disposal in the basal state (no insulin infusion) 
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and the insulin infused state, represents insulin mediated 
glucose uptake. In normal individuals, insulin causes brisk 
and large increase in overall body glucose disposal, Whereas 
in NIDDM subjects, this effect of insulin is greatly blunted, 
and is only 20-30% of normal. In insulin resistant subjects 
With either IGT or NGT, the rate of insulin stimulated 
glucose disposal is about half Way betWeen normal and 
NIDDM. For example, at a steady state plasma insulin 
concentration of about 100 uU/ml (a physiologic level) the 
glucose disposal rate in normal subjects is about 7 mg/kg/ 
min. In NIDDM subjects, it is about 2.5 mg/.kg/min., and in 
patients With IGT (or insulin resistant subjects With NGT) it 
is about 4-5 mg/kg/min. This is a highly reproducible and 
precise test, and can distinguish patients Within these cat 
egories. It is also knoWn that as subjects become more 
insulin resistant, the fasting insulin level rises. There is an 
excellent positive correlation betWeen the height of the 
fasting insulin level and the magnitude of the insulin resis 
tance as measured by euglycemic glucose clamp tests and, 
therefore, this provides the rationale for using fasting insulin 
levels as a surrogate measure of insulin resistance. 

The term “agent acting on the partitioning of dietary lipids 
betWeen the liver and peripheral tissues” refers to a com 
pound or polypeptide of the invention that modulates the 
partitioning of dietary lipids betWeen the liver and the 
peripheral tissues as previously described. Preferably, the 
agent increases or decreases the oxidation of dietary lipids, 
preferably free fatty acids (FFA) by the muscle. Preferably 
the agent decreases or increases the body Weight of indi 
viduals or is used to treat or prevent an obesity-related 
disease or disorder such as obesity, impaired glucose toler 
ance, insulin resistance, atherosclerosis, atheromatous dis 
ease, heart disease, hypertension, stroke, Syndrome X, Non 
Insulin Dependent Diabetes Mellitus (NIDDM, or Type II 
diabetes) and Insulin Dependent Diabetes Mellitus (IDDM 
or Type I diabetes). Diabetes-related complications to be 
treated by the methods of the invention include microan 
giopathic lesions, ocular lesions, retinopathy, neuropathy, 
renal lesions. Heart disease includes, but is not limited to, 
cardiac insufficiency, coronary insufficiency, and high blood 
pressure. Other obesity-related disorders to be treated by 
compounds of the invention include hyperlipidemia and 
hyperuricemia. Yet other obesity-related diseases or disor 
ders of the invention include cachexia, Wasting, AIDS 
related Weight loss, cancer-related Weight loss, anorexia, and 
bulimia. 

The terms “response to an agent acting on the partitioning 
of dietary lipids betWeen the liver and peripheral tissues” 
refer to drug e?icacy, including but not limited to, ability to 
metaboliZe a compound, ability to convert a pro-drug to an 
active drug, and the pharmacokinetics (absorption, distribu 
tion, elimination) and the pharmacodynamics (receptor 
related) of a drug in an individual. 

The terms “side effects to an agent acting on the parti 
tioning of dietary lipids betWeen the liver and peripheral 
tissues” refer to adverse effects of therapy resulting from 
extensions of the principal pharmacological action of the 
drug or to idiosyncratic adverse reactions resulting from an 
interaction of the drug With unique host factors. “Side effects 
to an agent acting on the partitioning of dietary lipids 
betWeen the liver and peripheral tissues” can include, but are 
not limited to, adverse reactions such as derrnatologic, 
hematologic or hepatologic toxicities and further includes 
gastric and intestinal ulceration, disturbance in platelet func 
tion, renal injury, nephritis, vasomotor rhinitis With profuse 
Watery secretions, angioneurotic edema, generaliZed urti 
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caria, and bronchial asthma to laryngeal edema and bron 
choconstriction, hypotension, and shock. 
The term “GMG-7A-, GMG-7B-, GMG-8-, GMG-9-, 

GMG-l0-, or GMG-ll-related diseases and disorders” as 
used herein refers to any disease or disorder comprising an 
aberrant functioning of GMG-7A, GMG-7B, GMG-8, 
GMG-9, GMG-lO, or GMG-ll, or Which could be treated or 
prevented by modulating GMG-7A, GMG-7B, GMG-8, 
GMG-9, GMG-lO, or GMG-ll levels or activity. “Aberrant 
functioning of GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-lO, or GMG-ll” includes, but is not limited to, 
aberrant levels of expression of GMG-7A, GMG-7B, GMG 
8, GMG-9, GMG-lO, or GMG-ll (either increased or 
decreased, but preferably decreased), aberrant activity of 
GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-lO, or GMG 
11 (either increased or decreased), and aberrant interactions 
With ligands or binding partners (either increased or 
decreased). By “aberrant” is meant a change from the type, 
or level of activity seen in normal cells, tissues, or patients, 
or seen previously in the cell, tissue, or patient prior to the 
onset of the illness. In preferred embodiments, these GMG 
7A-, GMG-7B-, GMG-8-, GMG-9-, GMG-l0-, or GMG 
ll-related diseases and disorders include obesity and the 
metabolic-related diseases and disorders described previ 
ously. 
The term “cosmetic treatments” is meant to include 

treatments With compounds or polypeptides of the invention 
that increase or decrease the body mass of an individual 
Where the individual is not clinically obese or clinically thin. 
Thus, these individuals have a body mass index (BMI) 
beloW the cut-off for clinical obesity (e.g. beloW 25 kg/m2) 
and above the cut-off for clinical thinness (e.g. above 18.5 
kg/m2). In addition, these individuals are preferably healthy 
(e.g. do not have an metabolic-related disease or disorder of 
the invention). “Cosmetic treatments” are also meant to 
encompass, in some circumstances, more localiZed increases 
in adipose tissue, for example, gains or losses speci?cally 
around the Waist or hips, or around the hips and thighs, for 
example. These localiZed gains or losses of adipose tissue 
can be identi?ed by increases or decreases in Waist or hip 
siZe, for example. 
The term “preventing” as used herein refers to adminis 

tering a compound prior to the onset of clinical symptoms of 
a disease or condition so as to prevent a physical manifes 
tation of aberrations associated With obesity or GMG-7A, 
GMG-7B, GMG-8, GMG-9, GMG-lO, or GMG-ll. 
The term “treating” as used herein refers to administering 

a compound after the onset of clinical symptoms. 
The term “in need of treatment” as used herein refers to 

a judgment made by a caregiver (e. g. physician, nurse, nurse 
practitioner, etc in the case of humans; veterinarian in the 
case of animals, including non-human mammals) that an 
individual or animal requires or Will bene?t from treatment. 
This judgment is made based on a variety of factors that are 
in the realm of a caregiver’s expertise, but that include the 
knoWledge that the individual or animal is ill, or Will be ill, 
as the result of a condition that is treatable by the compounds 
of the invention. 
The term “perceives a need for treatment” refers to a 

sub-clinical determination that an individual desires to 
reduce Weight for cosmetic reasons as discussed under 
“cosmetic treatment” above. The term “perceives a need for 
treatment” in other embodiments can refer to the decision 
that an oWner of an animal makes for cosmetic treatment of 
the animal. 
The term “individual” or “patient” as used herein refers to 

any animal, including mammals, preferably mice, rats, other 
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rodents, rabbits, dogs, cats, swine, cattle, sheep, horses, or 
primates, and most preferably humans. The term may 
specify male or female or both, or exclude male or female. 
The term “non-human animal” refers to any non-human 

vertebrate, including birds and more usually mammals, 
preferably primates, animals such as sWine, goats, sheep, 
donkeys, horses, cats, dogs, rabbits or rodents, more pref 
erably rats or mice. Both the terms “animal” and “mammal” 
expressly embrace human subjects unless preceded With the 
term “non-human”. 

GMG-7A, GMG-7B, GMG-8, GMG-9, GM 10, or GMG 
11 polypeptides are able to signi?cantly reduce the post 
prandial response of plasma free fatty acids, glucose, and 
triglycerides in mammals fed a high fat/ sucrose meal, While 
not affecting levels of leptin, insulin or glucagon. In addi 
tion, GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-10, or 
GMG-ll polypeptides modulate muscle free fatty acid oxi 
dation in vitro and ex vivo, preferably increase oxidation. 
Further, GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-O, or 
GMG-ll polypeptides of the invention modulate Weight 
gain in mammals that are fed a high fat/sucrose diet. 

The instant invention encompasses the use of GMG-7A, 
GMG-7B, GMG-8, GMG-9, GMG-10, or GMG-11 
polypeptides in the partitioning of free fatty acid (FFA) and 
as an important neW tool to control energy homeostasis. Of 
the tissues that can signi?cantly remove lipids from circu 
lation and cause FFA oxidation, muscle is believed to be 
quantitatively the most important. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

I. GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-10, or 
GMG-ll Polypeptides of the Invention 
GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-10, or 

GMG-ll polypeptides have been identi?ed that have mea 
surable activity in vitro and in vivo. These activities include, 
but are not limited to, modulation, preferably reduction, of 
the postprandial response of plasma free fatty acids, glucose, 
and triglycerides in mammals fed a high fat/sucrose meal 
(Example 6), change, preferably an increase, in muscle free 
fatty acid oxidation in vitro and ex vivo (Example 10), and 
sustained Weight loss in mammals on a high fat/ sucrose diet. 
Other assays for GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-10, or GMG-ll polypeptide activity in vitro and in 
vivo are also provided (Examples 2, 5, 7, 9, 11, for example), 
and equivalent assays can be designed by those With ordi 
nary skill in the art. 

The term “GMG-7A, GMG-7B, GMG-8, GMG-9, GMG 
10, or GMG-ll polypeptides” includes both the “full 
length” polypeptide and fragments of the “full-length” 
GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-10, or GMG 
11 polypeptides (although each of the above species may be 
particularly speci?ed). 
By “intact” or “full-length” GMG-7A, GMG-7B, GMG 

8, GMG-9, GMG-10, or GMG-ll polypeptides as used 
herein is meant the full-length polypeptide sequence of any 
GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-10, or GMG 
11 polypeptide, from the N-terminal methionine to the 
C-terminal stop codon. Examples of intact or full-length 
GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-10, or GMG 
11 polypeptides are found in the sequence listing. 
The term “metabolic-related activity” as used herein 

refers to at least one, and preferably all, of the activities 
described herein for GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-10, or GMG-ll polypeptides. Assays for the deter 
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22 
mination of these activities are provided herein (e.g. 
Examples 2, 5-7, 9-11), and equivalent assays can be 
designed by those With ordinary skill in the art. Optionally, 
“metabolic-related activity” can be selected from the group 
consisting of lipid partitioning, lipid metabolism, and insu 
lin-like activity, or an activity Within one of these categories. 
By “lipid partitioning” activity is meant the ability to effect 
the location of dietary lipids among the major tissue groups 
including, adipose tissue, liver, and muscle. GMG-7A, 
GMG-7B, GMG-8, GMG-9, GMG-10, or GMG-11 
polypeptides of the invention play a role in the partitioning 
of lipids to the muscle, liver or adipose tissue. By “lipid 
metabolism” activity is meant the ability to in?uence the 
metabolism of lipids. GMG-7A, GMG-7B, GMG-8, GMG 
9, GMG-10, or GMG-ll polypeptides of the invention have 
the ability to affect the level of free fatty acids in the plasma 
as Well as to modulate, preferably increase, the metabolism 
of lipids in the muscle through free fatty acid oxidation 
experiments (Examples 2, 6, 8, 9, 10) and to transiently 
affect the levels of triglycerides in the plasma and the muscle 
(Examples 6, 8, 11). By “insulin-like” activity is meant the 
ability of GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-10, 
or GMG-ll polypeptides to modulate the levels of glucose 
in the plasma. GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-10, or GMG-ll polypeptides do not signi?cantly 
impact insulin levels but do impact glucose levels similarly 
to the effects of insulin (Examples 7 & 8). These effects may 
vary in the presence of the intact (full-length) GMG-7A, 
GMG-7B, GMG-8, GMG-9, GMG-10, or GMG-11 
polypeptides or may be signi?cantly greater in the presence 
of the GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-10, or 
GMG-ll polypeptide fragments compared With the full 
length GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-10, or 
GMG-ll polypeptides. 
The term “signi?cantly greater” as used herein refers to a 

comparison of the activity of a GMG-7A, GMG-7B, GMG 
8, GMG-9, GMG-10, or GMG-ll polypeptide in a meta 
bolic-related assay compared With untreated cells in the 
same assay. By “signi?cantly” as used herein is meant 
statistically signi?cant as it is typically determined by those 
With ordinary skill in the art. For example, data are typically 
calculated as a meanzSEM, and a p-value 20.05 is consid 
ered statistically signi?cant. Statistical analysis is typically 
done using either the unpaired Student’s t test or the paired 
Student’s t test, as appropriate in each study. Examples of a 
signi?cant change in activity as a result of the presence of a 
GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-10, or GMG 
11 polypeptide of the invention compared to untreated cells 
include an increase or a decrease in a given parameter of at 

least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 
50%, 55%, 60%, 65%, 70%, or 75%. One or more, but not 
necessarily all, of the measurable parameters Will change 
signi?cantly in the presence of GMG-7A, GMG-7B, GMG 
8, GMG-9, GMG-10, or GMG-ll polypeptide as compared 
to untreated cells. 

Representative “metabolic-related assays” are provided in 
the Examples. These assays include, but are not limited to, 
methods of measuring the postprandial response, methods of 
measuring free fatty acid oxidation, and methods of mea 
suring Weight modulation. In preferred embodiments, the 
post-prandial response is measured in non-human animals, 
preferably mice. In preferred embodiments changes in 
dietary lipids are measured, preferably free fatty acids and/or 
triglycerides. In other embodiments, other physiologic 
parameters are measured including, but not limited to, levels 
of glucose, insulin, and leptin. In other preferred embodi 
ments, free fatty acid oxidation is measured in cells in vitro 
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or ex vivo, preferably in muscle cells or tissue of non-human 
animals, preferably mice. In yet other preferred embodi 
ments Weight modulation is measured in human or non 
human animals, preferably rodents (rats or mice), primates, 
canines, felines or procines. on a high fat/sucrose diet. 
Optionally, “metabolic-related activity” includes other 
activities not speci?cally identi?ed herein. In general, “mea 
surable parameters” relating to obesity and the ?eld of 
metabolic research can be selected from the group consisting 
of free fatty acid levels, free fatty acid oxidation, triglyceride 
levels, glucose levels, insulin levels, leptin levels, food 
intake, Weight, leptin and lipoprotein binding, uptake and 
degradation and lipolysis stimulated receptor (LSR) expres 
s1on. 

In these metabolic-related assays, preferred GMG-7A, 
GMG-7B, GM 8, GMG-9, GMG-10, or GMG-11 polypep 
tides Would cause a signi?cant change in at least one of the 
measurable parameters selected from the group consisting of 
post-prandial lipemia, free fatty acid levels, triglyceride 
levels, glucose levels, free fatty acid oxidation, and Weight. 
Alternatively, preferred GMG-7A, GMG-7B, GMG-8, 
GMG-9, GMG-10, or GMG-11 polypeptides Would have a 
signi?cant change in at least one of the measurable param 
eters selected from the group consisting of an increase in 
LSR activity, an increase in leptin activity and an increase in 
lipoprotein activity. By “LSR” activity is meant expression 
of LSR on the surface of the cell, or in a particular confor 
mation, as Well as its ability to bind, uptake, and degrade 
leptin and lipoprotein. By “leptin” activity is meant its 
binding, uptake and degradation by LSR, as Well as its 
transport across a blood brain barrier, and potentially these 
occurrences Where LSR is not necessarily the mediating 
factor or the only mediating factor. Similarly, by “lipopro 
tein” activity is meant its binding, uptake and degradation by 
LSR, as Well as these occurrences Where LSR is not neces 
sarily the mediating factor or the only mediating factor. 
The invention is draWn, inter alia, to isolated, puri?ed or 

recombinant GMG-7A, GMG-7B, GMG-8, GMG-9, GMG 
10, or GMG-11 polypeptides. GMG-7A, GMG-7B, GMG-8, 
GMG-9, GMG-10, or GMG-11 polypeptides of the inven 
tion are useful for reducing or, using antagonists of GMG 
7A, GMG-7B, GMG-8, GMG-9, GMG-10, or GMG-11 
polypeptides, increasing body Weight either as a cosmetic 
treatment or for treatment or prevention of metabolic-related 
diseases and disorders. GMG-7A, GMG-7B, GMG-8, GM 
9, GMG-10, or GMG-11 polypeptides are also useful inter 
alia in screening assays for agonists or antagonists of 
GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-10, or GMG 
11 polypeptide activity; for raising GMG-7A, GMG-7B, 
GMG-8, GMG-9, GMG-10, or GMG-11 polypeptide-spe 
ci?c antibodies; and in diagnostic assays. When used for 
cosmetic treatments, or for the treatment or prevention of 
metabolic-related diseases, disorders or conditions, one or 
more GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-10, or 
GMG-11 or GMG-7A, GMG-7B, GMG-8, GMG-9, GMG 
10, or GMG-11 polypeptide fragments can be provided to a 
subject. Thus, various fragments of the full-length protein 
can be combined into a “cocktail” for use in the various 
treatment regimens. 

The full-length GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-10, or GMG-11 polypeptide is comprised of distinct 
regions including: 

1. an N-terminal putative signal peptide sequence about 
from amino acids 1-27 of SEQ ID NO: 6, about from amino 
acids 1-24 of SEQ ID NO: 8, about from amino acids 1-23 
of SEQ ID NO: 10, or about from amino acids 1-32 of SEQ 
ID NO: 12; 
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2. a collagen-like region about from amino acids 45-146 

of SEQ ID NO: 10; 
3. a C-terrninal globular Clq homology domain about 

from amino acids 579-710 of SEQ ID NO: 2, about from 
amino acids 69-201 of SEQ ID NO: 6, about from amino 
acids 149-285 of SEQ ID NO: 10, or about from amino acids 
70-205 of SEQ ID NO: 12; and 

4. an N-terminally disposed truncated globular Clq 
homology domain about from amino acids 45-110 of SEQ 
ID NO: 8. 

GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-10, or 
GMG-11 polypeptides of the invention include variants, 
fragments, analogs and derivatives of the GMG-7A, GMG 
7B, GMG-8, GMG-9, GMG-10, or GMG-11 polypeptides 
described above, including modi?ed GMG-7A, GMG-7B, 
GMG-8, GMG-9, GMG-10, or GMG-11 polypeptides. 
The GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-10, or 

GMG-11 polypeptides of the present invention are prefer 
ably provided in an isolated form, and may be partially or 
substantially puri?ed. A recombinantly produced version of 
any one of the GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-10, or GMG-11 polypeptides can be substantially 
puri?ed by the one-step method described by Smith et al. 
((1988) Gene 67:31-40) or by the methods described herein 
or knoWn in the art. Polypeptides of the invention also can 
be puri?ed from natural or recombinant sources using anti 
bodies directed against the polypeptides of the invention by 
methods knoWn in the art of protein puri?cation. 

Preparations of GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-10, or GMG-11 polypeptides of the invention involv 
ing a partial puri?cation of or selection for the GMG-7A, 
GMG-7B, GMG-8, GMG-9, GMG-10, or GMG-11 
polypeptides are also speci?cally contemplated. These crude 
preparations are envisioned to be the result of the concen 
tration of cells expressing GMG-7A, GMG-7B, GMG-8, 
GMG-9, GMG-10, or GMG-11 polypeptides With perhaps a 
feW additional puri?cation steps, but prior to complete 
puri?cation of the fragment. The cells expressing GMG-7A, 
GMG-7B, GMG-8, GMG-9, GMG-10, or GMG-11 
polypeptides are present in a pellet, they are lysed, or the 
crude polypeptide is lyophiliZed, for example. 
GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-10, or 

GMG-11 polypeptide fragments can be any integer in length 
from at least 6 consecutive amino acids to one amino acid 
less than a full-length GMG-7A, GMG-7B, GMG-8, GMG 
9, GMG-10, or GMG-11 polypeptide. Thus, for the polypep 
tide of SEQ ED NO: 10, a GMG-10 polypeptide fragment 
can be any integer of consecutive amino acids from 6 to 295, 
for example. The term “integer” is used herein in its math 
ematical sense and thus representative integers include, but 
are not limited to: 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 
34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 
50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 
66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 
82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 
98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 
110,111,112,113,114,115,116,117,118,119,120,121, 
122,123,124,125,126,127,128,129,130,131,132,133, 
134,135,136,137,138,139,140,141,142,143,144,145, 
146,147,148,149,150,151,152,153,154,155,156,157, 
158,159,160,161,162,163,164,165,166,167,168,169, 
170,171,172,173,174,175,176,177,178,179,180,181, 
182,183,184,185,186,187,188,189,190,191,192,193, 
194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 
206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 
218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 
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230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 
242, 243, 244, 245, 246, 247, 248, 249, 250, 251, 252, 253, 
254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 264, 265, 
266, 267, 268, 269, 270, 271, 272, 273, 274, 275, 276, 277, 
278, 279, 280, 281, 282, 283, 284, 285, 286, 287, 288, 289, 
290, 291, 292, 293, 294 and 295. 

Each GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-10, or 
GMG-11 polypeptide fragment as described above can be 
further speci?ed in terms of its N-terminal and C-terminal 
positions. For example, every combination of a N-terminal 
and C-terminal position that fragments of from 6 contiguous 
amino acids to one amino acid less than the full-length 
polypeptide of SEQ ID NO: 10 could occupy, on any given 
intact and contiguous full-length polypeptide sequence of 
SEQ ID NO: 10 are included in the present invention. Thus, 
a 6 consecutive amino acid fragment could occupy positions 
selected from the group consisting of 1-6, 2-7, 3-8, 4-9, 
5-10, 6-11, 7-12, 8-13, 9-14, 10-15, 11-16, 12-17, 13-18, 
14-19, 15-20, 16-21, 17-22, 18-23, 19-24, 20-25, 21-26, 
22-27, 23-28, 24-29, 25-30, 26-31, 27-32, 28-33, 29-34, 
30-35, 31-36, 32-37, 33-38, 34-39, 35-40, 36-41, 37-42, 
38-43, 39-44, 40-45, 41-46, 42-47, 43-48, 44-49, 45-50, 
46-51, 47-52, 48-53, 49-54, 50-55, 51-56, 52-57, 53-58, 
54-59, 55-60, 56-61, 57-62, 58-63, 59-64, 60-65, 61-66, 
62-67, 63-68, 64-69, 65-70, 66-71, 67-72, 68-73, 69-74, 
70-75, 71-76, 72-77, 73-78, 74-79, 75-80, 76-81, 77-82, 
78-83, 79-84, 80-85, 81-86, 82-87, 83-88, 84-89, 85-90, 
86-91, 87-92, 88-93, 89-94, 90-95, 91-96, 92-97, 93-98, 
94-99, 95-100, 96-101, 97-102, 98-103, 99-104, 100-105, 
101-106, 102-107, 103-108, 104-109, 105-110, 106-111, 
107-112, 108-113, 109-114, 110-115, 111-116, 112-117, 
113-118, 114-119, 115-120, 116-121, 117-122, 118-123, 
119-124, 120-125, 121-126, 122-127, 123-128, 124-129, 
125-130, 126-131, 127-132, 128-133, 129-134, 130-135, 
131-136, 132-137, 133-138, 134-139, 135-140, 136-141, 
137-142, 138-143, 139-144, 140-145, 141-146, 142-147, 
143-148, 144-149, 145-150, 146-151, 147-152, 148-153, 
149-154, 150-155, 151-156, 152-157, 153-158, 154-159, 
155-160, 156-161, 157-162, 158-163, 159-164, 160-165, 
161-166, 162-167, 163-168, 164-169, 165-170, 166-171, 
167-172, 168-173, 169-174, 170-175, 171-176, 172-177, 
173-178, 174-179, 175-180, 176-181, 177-182, 178-183, 
179-184, 180-185, 181-186, 182-187, 183-188, 184-189, 
185-190, 186-191, 187-192, 188-193, 189-194, 190-195, 
191-196, 192-197, 193-198, 194-199, 195-200, 196-201, 
197-202, 198-203, 199-204, 200-205, 201-206, 202-207, 
203-208, 204-209, 205-210, 206-211, 207-212, 208-213, 
209-214, 210-215, 211-216, 212-217, 213-218, 214-219, 
215-220, 216-221, 217-222, 218-223, 219-224, 220-225, 
221-226, 222-227, 223-228, 224-229, 225-230, 226-231, 
227-232, 228-233, 229-234, 230-235, 231-236, 232-237, 
233-238, 234-239, 235-240, 236-241, 237-242, 238-243, 
240-245, 241-246, 242-247, 243-248, 244-249, 245-250, 
246-251, 247-252, 248-253, 249-254, 250-255, 251-256, 
252-257, 253-258, 254-259, 255-260, 256-261, 257-262, 
258-263, 259-264, 260-265, 261-266, 262-267, 263-268, 
264-269, 265-270, 266-271, 267-272, 268-273, 269-274, 
270-275, 271-276, 272-277, 273-278, 274-279, 275-280, 
276-281, 277-282, 278-283, 279-284 280-285, 281-286, 
282-287, 283-288, 284-289, 285-290, 286-291, 287-292, 
288-293, 289-294, 290-295 and 291-296 ofa 296 consecu 
tive amino acid fragment. A 290 consecutive amino acid 
fragment could occupy positions selected from the group 
consisting of 1-290, 2-291, 3-292, 4-293, 5-294, 6-295 and 
7-296. Similarly, the positions occupied by all the other 
fragments of siZes betWeen 6 amino acids and 295 amino 
acids in SEQ ID NO: 10, by all the other fragments of siZes 
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betWeen 6 amino acids and 709 amino acids in SEQ ID NO: 
2, by all the other fragments of siZes betWeen 6 amino acids 
and 470 amino acids in SEQ ID NO: 4, by all the other 
fragments of siZes betWeen 6 amino acids and 200 amino 
acids in SEQ ID NO: 6, by all the other fragments of siZes 
betWeen 6 amino acids and 445 amino acids in SEQ ID NO: 
8, and by all the other fragments of siZes betWeen 6 amino 
acids and 204 amino acids in SEQ ID NO: 12 are included 
in the present invention and can also be immediately envis 
aged based on these tWo examples and therefore, are not 
individually listed solely for the purpose of not unnecessar 
ily lengthening the speci?cation. Furthermore, the positions 
occupied by fragments of 6 to 295 consecutive amino acids 
in SEQ ID NO: 10, by fragments of 6 to 709 consecutive 
amino acids in SEQ ID NO: 2, by fragments of 6 to 470 
amino acids in SEQ ID NO: 4, by fragments of 6 to 200 
amino acids in SEQ ID NO: 6, by fragments of 6 to 445 
amino acids in SEQ ID NO: 8, and by fragments of 6 to 204 
amino acids in SEQ ID NO: 12 are included in the present 
invention and can also be immediately envisaged based on 
these tWo examples and therefore are not individually listed 
solely for the purpose of not unnecessarily lengthening the 
speci?cation. In addition, the positions occupied by frag 
ments of 6 consecutive amino acids to 1 amino acid less than 
any other full-length GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-10, or GMG-11 polypeptide can also be envisaged 
based on these tWo examples and therefore are not individu 
ally listed solely for the purpose of not unnecessarily length 
ening the speci?cation. 
The GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-10, or 

GMG-11 polypeptides of the present invention may alter 
natively be described by the formula “n to c” (inclusive); 
Where “n” equals the N-terminal most amino acid position 
(as de?ned by the sequence listing) and “c” equals the 
C-terminal most amino acid position (as de?ned by the 
sequence listing) of the polypeptide; and further Where “n” 
equals an integer betWeen 1 and the number of amino acids 
of the full-length polypeptide sequence of the present inven 
tion minus 6; and Where “c” equals an integer betWeen 7 and 
the number of amino acids of the full-length polypeptide 
sequence; and Where “n” is an integer smaller then “c” by at 
least 6. Therefore, for the sequences provided in SEQ ID 
NO: 10, “n” is any integer selected from the list consisting 
of: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 
35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 
51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 
67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 
83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 
99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 
111,112,113,114,115,116,117,118,119,120,121,122, 
123,124,125,126,127,128,129,130,131,132,133,134, 
135,136,137,138,139,140,141,142,143,144,145,146, 
147,148,149,150,151,152,153,154,155,156,157,158, 
159,160,161,162,163,164,165,166,167,168,169,170, 
171,172,173,174,175,176,177,178,179,180,181,182, 
183,184,185,186,187,188,189,190,191,192,193,194, 
195, 196, 197, 198, 199,200, 201, 202,203,204, 205, 206, 
207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 
219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 
231, 232, 234, 235, 236, 237, 238, 239,240,241, 242,243, 
244, 245,246, 247, 248,249, 250, 251,252,253, 254,255, 
256, 257,258, 259, 260,261, 262, 263,264,265, 266,267, 
268, 269, 270, 271, 272, 273, 274, 275, 276, 277, 278, 279, 
280, 281,282,283, 284, 285,286,287, 288, 289 or 290 and 
“c” is any integer selected from the group consisting of: 7, 
8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24, 



US 7,348,406 B2 
27 

25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 
41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 
57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 
73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 
89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 
104,105,106,107,108,109,110,111,112,113,114,115, 
116,117,118,119,120,121,122,123,124,125,126,127, 
128,129,130,131,132,133,134,135,136,137,138,139, 
140,141,142,143,144,145,146,147,148,149,150,151, 
152,153,154,155,156,157,158,159,160,161,162,163, 
164,165,166,167,168,169,170,171,172,173,174,175, 
176,177,178,179,180,181,182,183,184,185,186,187, 
188,189,190,191,192,193,194,195,196,197,198,199, 
200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 
212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 
224, 225, 226, 227, 228, 229, 230, 231, 232, 234, 235, 236, 
237, 238, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 
249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260, 
261, 262, 263, 264, 265, 266, 267, 268, 269, 270, 271, 272, 
273, 274, 275, 276, 277, 278, 279, 280, 281, 282, 283, 284, 
285, 286, 287, 288, 289, 290, 291, 291, 293, 294, 295 or 296. 
Every combination of “n” and “c” positions are included as 
speci?c embodiments of the invention. Moreover, the for 
mula “n” to “c” may be modi?ed as “‘n1-n2” to “c1-c2’”, 
Wherein “n1-n2” and “cl-c2” represent positional ranges 
selected from any tWo integers above Which represent amino 
acid positions of the sequence listing. Alternative formulas 
include “‘n1-n2” to “c’” and “‘n” to “c1-c2’”. In a preferred 
embodiment, GMG-10 polypeptide fragments of the inven 
tion may be described by the n1:24, n2:155, and c:296 of 
SEQ ID NO: 10; GMG-8 polypeptide fragments of the 
invention by the formula n1:28, n2:71, and c:201 of SEQ 
ID NO: 6; and GMG-11 polypeptide fragments of the 
invention by the formula n1:33, n2:72, and c:205 of SEQ 
ID NO: 12. 

Furthermore, the positions occupied by polypeptides of 6 
to 710 consecutive amino acids on SEQ ID NO: 2, by 
polypeptides of 6 to 471 consecutive amino acids on SEQ ID 
NO: 4, by polypeptides of 6 to 201 consecutive amino acids 
on SEQ ID NO: 6, by polypeptides of 6 to 446 consecutive 
amino acids on SEQ ID NO: 8, or by polypeptides of 6 to 
205 consecutive amino acids on SEQ ID NO: 12, are 
included in the present invention and can also be immedi 
ately envisaged based on these tWo examples and therefore 
are not individually listed solely for the purpose of not 
unnecessarily lengthening the speci?cation. In addition, the 
positions occupied by fragments of 6 consecutive amino 
acids to 1 amino acid less than full-length GMG-7A, GMG 
7B, GMG-8, GMG-9, or GMG-11 polypeptide can also be 
envisaged based on these tWo examples and therefore are not 
individually listed solely for the purpose of not unnecessar 
ily lengthening the speci?cation. 

These speci?c embodiments, and other polypeptide and 
polynucleotide fragment embodiments described herein may 
be modi?ed as being “at least”, “equal to”, “equal to or less 
than”, “less than”, “at least but not greater than 

” or “from to ” a speci?ed siZe or 

speci?ed N-terminal and/or C-terminal positions. It is noted 
that all ranges used to describe any embodiment of the 
present invention are inclusive unless speci?cally set forth 
otherWise. 

The present invention also provides for the exclusion of 
any individual fragment speci?ed by N-terminal and C-ter 
minal positions or of any fragment speci?ed by siZe in amino 
acid residues as described above. In addition, any number of 
fragments speci?ed by N-terminal and C-terminal positions 
or by siZe in amino acid residues as described above may be 
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excluded as individual species. Further, any number of 
fragments speci?ed by N-terminal and C-terrninal positions 
or by siZe in amino acid residues as described above may 
make up a polypeptide fragment in any combination and 
may optionally include non-GMG-7A, -GMG-7B, -GMG-8, 
-GMG-9, -GMG-10, or -GMG-11 polypeptide sequences as 
Well. 

In preferred embodiments, said GMG-7A polypeptide 
fragments having activity are selected from amino acids 
acids 2-710, 1-262, 263-710, 1-263, 264-710 1-552, 553 
710, 554-710, 561-710, 568-710, 575-710, 580-710, 581 
710, 1-275 or 276-710 of SEQ ID NO: 2. In other preferred 
embodiments, said GMG-7B polypeptide fragments having 
activity are selected from amino acids 2-471, 1-442, 443 
471, 1-443, 444-471, 1-262, 263-471, 1-263, 264-471, 1-275 
or 276-471 of SEQ ID NO: 4. In other preferred embodi 
ments, said GMG-8 polypeptide fragments having activity 
are selected from amino acids 28-201, 40-201, 54-201, 
66-201, 70-201, or 71-201 of SEQ ID NO: 6. In other 
preferred embodiments, said GMG-9 polypeptide fragments 
having activity are selected from amino acids 25-446, 228 
356, 228-360, 228-431, 228-446, 231-356, 231-360, 231 
431, 231-446, 233-356, 233-360, 233-431, 233-446, 236 
356, 236-360, 236-431, 236-446, 240-356, 240-360, 240 
431, 240-446, 241-356, 241-360, 241-431, 241-446, 242 
356, 242-360, 242-431, or 242-446 of SEQ ID NO: 8. In 
other preferred embodiments, GMG-10 polypeptide frag 
ments having activity are selected from amino acids 8-296, 
9-296, 24-296, 32-296, 39-296, 52-296, 65-296, 71-296, 
74-296, 77-296, 78-296, 81-296, 84-296, 90-296, 92-296, 
102-296, 110-296, 111-296, 120-296, 132-296, 135-296, 
148-296, 154-296 or 155-296 of SEQ ID NO: 10. In other 
preferred embodiments, GMG-11 polypeptide fragments 
having activity are selected from amino acids 33-205, 
53-205, 54-205, 59-205, 71-205 or 72-205 of SEQ ID NO: 
12. 

In more preferred embodiments, said GMG-7A polypep 
tide fragments having activity are selected from amino acids 
2-710, 1-262, 1-263, 553-710, 554-710, 568-710, 575-710 
or 1-275 of SEQ ID NO: 2. In other more preferred 
embodiments, said GMG-7B polypeptide fragments having 
activity are selected from amino acids 2-471, 1-442, 1-443, 
1-262, 1-263, or 1-275 of SEQ ID NO: 4. In other more 
preferred embodiments, said GMG-8 polypeptide fragments 
having activity are selected from amino acids 28-201, 
54-201 or 66-201 of SEQ ID NO: 6. In other more preferred 
embodiments, said GMG-9 polypeptide fragments having 
activity are selected from amino acids 25-446, 228-356, 
228-360, 228-431, 228-446, 231-356, 231-360, 231-431, 
231-446, 241-356, 241-360, 241-431 or 241-446 of SEQ ID 
NO: 8. In other more preferred embodiments, GMG-10 
polypeptide fragments having activity are selected from 
amino acids 8-296, 9-296, 24-296, 52-296, 71-296, 74-296, 
81-296, 84-296, 110-296, 111-296, 120-296, 132-296, 135 
296, 148-296, 154-296 or 155-296 of SEQ ID NO: 10. In 
other more preferred embodiments, GMG-11 polypeptide 
fragments having activity are selected from amino acids 
33-205, 53-205, 54-205 or 59-205 of SEQ ID NO: 12. 

In yet other preferred embodiment, the invention features 
a GMG-10 polypeptide fragment comprising at least 115, 
but not more than 175 contiguous amino acids of the SEQ 
ID NO: 10, Wherein no more than 24 of said at least 115 and 
no more than 175 contiguous amino acids are present in the 
collagen-like region of GMG-10. Preferably, the GMG-10 
polypeptide fragment comprises at least 125, but not more 
than 165, or at least 140, but not more than 165 amino acids, 
and no more than 24 amino acids are in the collagen-like 
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region; more preferably at least 125 but not more than 165, 
or at least 140 but not more than 165 amino acids, and no 
more than 12 amino acids are in the collagen-like region; or 
at least 140 and not more than 150 amino acids, and no more 
than 8 amino acids are present in the collagen-like region. 
Preferably, the GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-10, or GMG-11 polypeptide fragment is mammalian, 
preferably human or mouse, but most preferably human. 
GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-10, or 

GMG-11 polypeptide fragments of the invention include 
variants, fragments, analogs and derivatives of the GMG 
7A, GMG-7B, GMG-8, GMG-9, GMG-10, or GMG-11 
polypeptide fragments described above, including modi?ed 
GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-10, or GMG 
11 polypeptide fragments. 
GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-10, or 

GMG-11 polypeptides of the invention include variants, 
fragments, analogs and derivatives of the GMG-7A, GMG 
7B, GMG-8, GMG-9, GMG-10, or GMG-11 polypeptides 
described above, including modi?ed GMG-7A, GMG-7B, 
GMG-8, GMG-9, GMG-10, or GMG-11 polypeptides. 

Variants 
It Will be recogniZed by one of ordinary skill in the art that 

some amino acids of the GMG-7A, GMG-7B, GMG-8, 
GMG-9, GMG-10, or GMG-11 polypeptide sequences of 
the present invention can be varied Without signi?cant effect 
on the structure or function of the proteins; there Will be 
critical amino acids in the sequence that determine activity. 
Thus, the invention further includes variants of GMG-7A, 
GMG-7B, GMG-8, GMG-9, GMG-10, or GMG-11 
polypeptides that have metabolic-related activity as 
described above. Such variants include GMG-7A, GMG-7B, 
GMG-8, GMG-9, GMG-10, or GMG-11 polypeptide 
sequences With one or more amino acid deletions, insertions, 
inversions, repeats, and substitutions either from natural 
mutations or human manipulation selected according to 
general rules knoWn in the art so as to have little effect on 
activity. Guidance concerning hoW to make phenotypically 
silent amino acid substitutions is provided beloW. 

There are tWo main approaches for studying the tolerance 
of an amino acid sequence to change (see, BoWie, et al. 
(1990) Science, 247, 1306-10). The ?rst method relies on the 
process of evolution, in Which mutations are either accepted 
or rejected by natural selection. The second approach uses 
genetic engineering to introduce amino acid changes at 
speci?c positions of a cloned gene and selections or screens 
to identify sequences that maintain functionality. 

These studies have revealed that proteins are surprisingly 
tolerant of amino acid substitutions and indicate Which 
amino acid changes are likely to be permissive at a certain 
position of the protein. For example, most buried amino acid 
residues require nonpolar side chains, Whereas feW features 
of surface side chains are generally conserved. Other such 
phenotypically silent substitutions are described by BoWie et 
al. (supra) and the references cited therein. 

In the case of an amino acid substitution in the amino acid 
sequence of a polypeptide according to the invention, one or 
several amino acids can be replaced by “equivalent” amino 
acids. The expression “equivalent” amino acid is used herein 
to designate any amino acid that may be substituted for one 
of the amino acids having similar properties, such that one 
skilled in the art of peptide chemistry Would expect the 
secondary structure and hydropathic nature of the polypep 
tide to be substantially unchanged. 

In particular embodiments, conservative substitutions of 
interest are shoWn in Table 1 under the heading of preferred 
substitutions. If such substitutions result in a change in 
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biological activity, then more substantial changes, denomi 
nated exemplary substitutions in Table 1, or as further 
described beloW in reference to amino acid classes, are 
introduced and the products screened. 

TABLE 1 

Original Exemplary Preferred 
Residue Substitutions Substitutions 

Ala (A) val; leu; ile val 
Arg (R) lys; gln; asn lys 
Asn (N) gln; his; lys; arg gln 
Asp (D) glu glu 
Cys (C) ser ser 
Gln (Q) asn asn 

Glu (E) asp asp 
Gly (G) pro; ala ala 
His (H) asn; gln; lys; arg arg 
Ile (I) leu; val; met; ala; phe; norleucine leu 
Leu (L) norleucine; ile; val; met; ala; phe ile 
Lys (K) arg; gln; asn arg 
Met (M) leu; phe; ile leu 
Phe (F) leu; val; ile; ala; tyr leu 
Pro (P) ala ala 
Ser (S) thr thr 
Thr (T) ser ser 

TIP (W) tyr; P116 tyr 
Tyr (Y) trp; phe; thr; ser phe 
Val (V) ile; leu; met; phe; ala; norleucine leu 

Substantial modi?cations in function or immunological 
identity of the GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-10, or GMG-11 polypeptides are accomplished by 
selecting substitutions that differ signi?cantly in their effect 
on maintaining (a) the structure of the polypeptide backbone 
in the area of the substitution, for example, as a sheet or 
helical conformation, (b) the charge or hydrophobicity of the 
molecule at the target site, or (c) the bulk of the side chain. 
Naturally occurring residues are divided into groups based 
on common side-chain properties: 

(1) hydrophobic: norleucine, met, ala, val, leu, ile; 
(2) neutral hydrophilic: cys, ser, thr; 
(3) acidic: asp, glu; 
(4) basic: asn, gln, his, lys, arg; 
(5) residues that in?uence chain orientation: gly, pro; and 
(6) aromatic: trp, tyr, phe. 
Non-conservative substitutions Will entail exchanging a 

member of one of these classes for another class. Such 
substituted residues also may be introduced into the conser 
vative substitution sites or, more preferably, into the remain 
ing (non-conserved) sites. 
The variations can be made using methods knoWn in the 

art such as oligonucleotide-mediated (site-directed) 
mutagenesis, alanine scanning, and PCR mutagenesis. Site 
directed mutagenesis [Carter et al., Nucl Acids Res, 13:4331 
(1986); Zoller et al., Nucl Acids Res, 10:6487 (1987)], 
cassette mutagenesis [Wells et al., Gene, 34:315 (1985)], 
restriction selection mutagenesis [Wells et al., Philos. Trans. 
R. Soc. London SerA, 317:415 (1986)] or other knoWn 
techniques can be performed on the cloned DNA to produce 
the GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-10, or 
GMG-11 variant DNA. 

Scanning amino acid analysis can also be employed to 
identify one or more amino acids along a contiguous 
sequence. Among the preferred scanning amino acids are 
relatively small, neutral amino acids. Such amino acids 
include alanine, glycine, serine, and cysteine. Alanine is 
typically a preferred scanning amino acid among this group 
because it eliminates the side-chain beyond the beta-carbon 
and is less likely to alter the main chain conformation of the 
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variant [Cunningham and Wells, Science, 244: 1081-1085 
(1989)]. Alanine is also typically preferred because it is the 
most common amino acid. Further, it is frequently found in 
both buried and exposed positions [Creighton, The Proteins, 
(W.H. Freeman & Co., NY); Chothia, J Mol Biol, 150:1 
(1976)]. If alanine substitution does not yield adequate 
amounts of variant, an isoteric amino acid can be used. 
Amino acids in the GMG-7A, GMG-7B, GMG-8, GMG 

9, GMG-lO, or GMG-ll polypeptide sequences of the 
invention that are essential for function can also be identi?ed 
by methods knoWn in the art, such as site-directed mutagen 
esis or alanine-scanning mutagenesis (see, e.g., Cunning 
ham, et al. (1989) Science 244: 1081-5). The latter procedure 
introduces single alanine mutations at every residue in the 
molecule. The resulting mutant molecules are then tested for 
metabolic-related activity using assays as described above. 
Of special interest are substitutions of charged amino acids 
With other charged or neutral amino acids that may produce 
proteins With highly desirable improved characteristics, such 
as less aggregation. Aggregation may not only reduce activ 
ity but also be problematic When preparing pharmaceutical 
or physiologically acceptable formulations, because aggre 
gates can be immunogenic (see, e.g., Pinckard, et al., (1967) 
Clin Exp Immunol 2:331-340; Robbins, et al., (1987) Dia 
betes 36:838-41; and Cleland, et al., (1993) Crit Rev Ther 
Drug Carrier Syst 10:307-77). 

Thus, the fragment, derivative, analog, or homolog of the 
GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-lO, or GMG 
11 polypeptides of the present invention may be, for 
example: (i) one in Which one or more of the amino acid 
residues are substituted With a conserved or non-conserved 

amino acid residue (preferably a conserved amino acid 
residue) and such substituted amino acid residue may or may 
not be one encoded by the genetic code (i.e. may be a 
non-naturally occurring amino acid); or (ii) one in Which one 
or more of the amino acid residues includes a substituent 

group; or (iii) one in Which the GMG-7A, GMG-7B, GMG 
8, GMG-9, GMG-lO, or GMG-ll polypeptides are fused 
With another compound, such as a compound to increase the 
half-life of the fragment (for example, polyethylene glycol); 
or (iv) one in Which the additional amino acids are fused to 
the above form of the fragment, such as an IgG Fc fusion 
region peptide or leader or secretory sequence or a sequence 
Which is employed for puri?cation of the above form of the 
fragment or a pro-protein sequence. Such fragments, deriva 
tives and analogs are deemed to be Within the scope of those 
skilled in the art from the teachings herein. 
A further embodiment of the invention relates to a 

polypeptide Which comprises the amino acid sequence of 
GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-lO, or GMG 
11 polypeptides having an amino acid sequence Which 
contains at least one conservative amino acid substitution, 
but not more than 50 conservative amino acid substitutions, 
not more than 40 conservative amino acid substitutions, not 
more than 30 conservative amino acid substitutions, and not 
more than 20 conservative amino acid substitutions. Also 
provided are polypeptides Which comprise the amino acid 
sequence of a GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-lO, or GMG-ll fragment, having at least one, but not 
more than 10, 9, 8, 7, 6, 5, 4, 3, 2 or 1 conservative amino 
acid substitutions. 

In addition, amino acids have chirality Within the body of 
either L or D. In some embodiments it is preferable to alter 
the chirality of the amino acids in the GMG-7A, GMG-7B, 
GMG-8, GMG-9, GMG-lO, or GMG-ll polypeptide frag 
ments of the invention in order to extend half-life Within the 
body. Thus, in some embodiments, one or more of the amino 
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acids are preferably in the L con?guration. In other embodi 
ments, one or more of the amino acids are preferably in the 
D con?guration. 

Percent Identity 
The polypeptides of the present invention also include 

polypeptides having an amino acid sequence at least 50% 
identical, at least 60% identical, or 70%, 80%, 85%, 90%, 
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% 
identical to a GMG-7A, GMG-7B, GMG-8, GMG-9, GMG 
10, or GMG-ll polypeptide as described above. By a 
polypeptide having an amino acid sequence at least, for 
example, 95% “identical” to a GMG-7A, GMG-7B, GMG 
8, GMG-9, GMG-lO, or GMG-ll polypeptide amino acid 
sequence is meant that the amino acid sequence is identical 
to the GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-lO, or 
GMG-ll polypeptide sequence except that it may include up 
to ?ve amino acid alterations per each 100 amino acids of 
the GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-lO, or 
GMG-ll polypeptide amino acid sequence. The reference 
sequence is the GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-lO, or GMG-ll polypeptide With a sequence corre 
sponding to the sequences provided in SEQ ED NOs: 2, 4, 
6, 8, 10, or 12. Thus, to obtain a polypeptide having an 
amino acid sequence at least 95% identical to a GMG-7A, 
GMG-713, GMG-8, GMG-9, GMG-lO, or GMG-ll 
polypeptide amino acid sequence, up to 5% (5 of 100) of the 
amino acid residues in the sequence may be inserted, 
deleted, or substituted With another amino acid compared 
With the GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-lO, 
or GMG-ll polypeptide sequence. These alterations may 
occur at the amino or carboxy termini or anyWhere betWeen 
those terminal positions, interspersed either individually 
among residues in the sequence or in one or more contiguous 
groups Within the sequence. 
As a practical matter, Whether any particular polypeptide 

is a percentage identical to a GMG-7A, GMG-7B, GMG-8, 
GMG-9, GMG-lO, or GMG-ll polypeptide can be deter 
mined conventionally using knoWn computer programs. 
Such algorithms and programs include, but are by no means 
limited to, TBLASTN, BLASTP, FASTA, TFASTA, and 
CLUSTALW (Pearson and Lipman, (1988) Proc Natl Acad 
Sci USA 85:2444-8; Altschul et al., (1990) J Mol Biol 
215:403-410; Thompson et al., (1994) Nucleic Acids Res 
22(2):4673-4680; Higgins et al, (1996) Meth EnZymol 266: 
383-402; Altschul et al, (1997) Nucleic Acids Res 25:3389 
3402; Altschul et al., (1993) Nature Genetics 3:266-272). In 
a particularly preferred embodiment, protein and nucleic 
acid sequence homologies are evaluated using the Basic 
Local Alignment Search Tool (“BLAST”), Which is Well 
knoWn in the art (See, e.g., Karlin and Altschul (1990) Proc 
Natl Acad Sci USA 87:2264-8; Altschul et al., 1990, 1993, 
1997, all supra). In particular, ?ve speci?c BLAST programs 
are used to perform the folloWing tasks: 

(1) BLASTP and BLAST3 compare an ammo acid query 
sequence against a protein sequence database; 

(2) BLASTN compares a nucleotide query sequence 
against a nucleotide sequence database; 

(3) BLASTX compares the six-frame conceptual transla 
tion products of a query nucleotide sequence (both strands) 
against a protein sequence database; 

(4) TBLASTN compares a query protein sequence against 
a nucleotide sequence database translated in all six reading 
frames (both strands); and 

(5) TBLASTX compares the six-frame translations of a 
nucleotide query sequence against the six-frame translations 
of a nucleotide sequence database. 
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The BLAST programs identify homologous sequences by 
identifying similar segments, Which are referred to herein as 
“high-scoring segment pairs,” betWeen a query amino or 
nucleic acid sequence and a test sequence Which is prefer 
ably obtained from a protein or nucleic acid sequence 
database. High-scoring segment pairs are preferably identi 
?ed (i.e., aligned) by means of a scoring matrix, many of 
Which are knoWn in the art. Preferably, the scoring matrix 
used is the BLOSUM62 matrix (see, Gonnet et al., (1992) 
Science 256: 1443-5; Henikolf and Henikolf (1993) Proteins 
17:49-61). Less preferably, the PAM or PAM250 matrices 
may also be used (See, e.g., SchWartZ and Dayholf, eds, 
(1978) Matrices for Detecting Distance Relationships: Atlas 
of Protein Sequence and Structure, Washington: National 
Biomedical Research Foundation). The BLAST programs 
evaluate the statistical signi?cance of all high-scoring seg 
ment pairs identi?ed, and preferably selects those segments 
Which satisfy a user-speci?ed threshold of signi?cance, such 
as a user-speci?ed percent homology. Preferably, the statis 
tical signi?cance of a high-scoring segment pair is evaluated 
using the statistical signi?cance formula of Karlin (See, e.g., 
Karlin and Altschul, (1990) Proc Natl Acad Sci USA 
87:2264-8). The BLAST programs may be used With the 
default parameters or With modi?ed parameters provided by 
the user. Preferably, the parameters are default parameters. 

Apreferred method for determining the best overall match 
betWeen a query sequence (a sequence of the present inven 
tion) and a subject sequence, also referred to as a global 
sequence alignment, can be determined using the FASTDB 
computer program based on the algorithm of Brutlag et al. 
(1990) Comp App Biosci 6:237-245. In a sequence align 
ment the query and subject sequences are both amino acid 
sequences. The result of said global sequence alignment is in 
percent identity. Preferred parameters used in a FASTDB 
amino acid alignment are: Matrx:PAM 0, k-tuple:2, Mis 
match Penalty:1, Joining Penalty:20, Randomization 
Group:25 Length:0, Cutolf Score:1 , WindoW 
SiZeIsequence length, Gap Penalty:5, Gap SiZe Pen 
alty:0.05, WindoW SiZe:247 or the length of the subject 
amino acid sequence, Whichever is shorter. 

If the subject sequence is shorter than the query sequence 
due to N- or C-terminal deletions, not because of internal 
deletions, the results, in percent identity, must be manually 
corrected because the FASTDB program does not account 
for N- and C-terrninal truncations of the subject sequence 
When calculating global percent identity. For subject 
sequences truncated at the N- and C-termini, relative to the 
query sequence, the percent identity is corrected by calcu 
lating the number of residues of the query sequence that are 
N- and C-terminal of the subject sequence, that are not 
matched/aligned With a corresponding subject residue, as a 
percent of the total bases of the query sequence. Whether a 
residue is matched/aligned is determined by results of the 
FASTDB sequence alignment. This percentage is then sub 
tracted from the percent identity, calculated by the above 
FASTDB program using the speci?ed parameters, to arrive 
at a ?nal percent identity score. This ?nal percent identity 
score is What is used for the purposes of the present 
invention. Only residues to the N- and C-termini of the 
subject sequence, Which are not matched/aligned With the 
query sequence, are considered for the purposes of manually 
adjusting the percent identity score. That is, only query 
amino acid residues outside the farthest N- and C-terrninal 
residues of the subject sequence. 

For example, a 90 amino acid residue subject sequence is 
aligned With a 100-residue query sequence to determine 
percent identity. The deletion occurs at the N-terminus of the 
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subject sequence and therefore, the FASTDB alignment 
does not match/align With the ?rst residues at the N-termi 
nus. The 10 unpaired residues represent 10% of the sequence 
(number of residues at the N- and C-termini not matched/ 
total number of residues in the query sequence) so 10% is 
subtracted from the percent identity score calculated by the 
FASTDB program. If the remaining 90 residues Were per 
fectly matched the ?nal percent identity Would be 90%. 

In another example, a 90-residue subject sequence is 
compared With a 100-residue query sequence. This time the 
deletions are internal so there are no residues at the N- or 

C-termini of the subject sequence, Which are not matched/ 
aligned With the query. In this case, the percent identity 
calculated by FASTDB is not manually corrected. Once 
again, only residue positions outside the N- and C-terminal 
ends of the subject sequence, as displayed in the FASTDB 
alignment, Which are not matched/aligned With the query 
sequence are manually corrected. No other manual correc 
tions are made for the purposes of the present invention. 

Production 
Note, throughout the disclosure, Wherever GMG-7A, 

GMG-7B, GMG-8, GMG-9, GMG-10, or GMG-11 
polypeptides are discussed, GMG-7A, GMG-7B, GMG-8, 
GMG-9, GMG-10, or GMG-11 fragments, variants and 
derivatives are speci?cally intended to be included as a 

preferred subset of GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-10, or GMG-11 polypeptides. 
GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-10, or 

GMG-11 polypeptides are preferably isolated from human 
or mammalian tissue samples or expressed from human or 
mammalian genes in human or mammalian cells. The GMG 

7A, GMG-7B, GMG-8, GMG-9, GMG-10, or GMG-11 
polypeptides of the invention can be made using routine 
expression methods knoWn in the art. The polynucleotide 
encoding the desired polypeptide is ligated into an expres 
sion vector suitable for any convenient host. Both eukaryotic 
and prokaryotic host systems are used in forming recombi 
nant polypeptides. The polypeptide is then isolated from 
lysed cells or from the culture medium and puri?ed to the 
extent needed for its intended use. Puri?cation is by any 
technique knoWn in the art, for example, differential extrac 
tion, salt fractionation, chromatography, centrifugation, and 
the like. See, for example, Methods in EnZymology for a 
variety of methods for purifying proteins. 

In an alternative embodiment, the polypeptides of the 
invention are isolated from milk. The polypeptides can be 
puri?ed as full length GMG-7A, GMG-7B, GMG-8, GMG 
9, GMG-10, or GMG-11 polypeptides, Which can then be 
cleaved, if appropriate, in vitro to generate a GMG-7A, 
GMG-7B, GMG-8, GMG-9, GMG-10, or GMG-11 frag 
ment, or, alternatively, GMG-7A, GMG-7B, GMG-8, GMG 
9, GMG-10, or GMG-11 fragments themselves can be 
puri?ed from the milk. Any of a large number of methods 
can be used to purify the present polypeptides from milk, 
including those taught in Protein Puri?cation Applications, 
A Practical Approach (N eW Edition), Edited by Simon Roe, 
ABA Technology Products and Systems, Biosciences, Har 
Well; Clark (1998) J Mammary Gland Biol Neoplasia 3:337 
50; Wilkins and Velander (1992) 49:333-8; US. Pat. Nos. 
6,140,552; 6,025,540; Hennighausen, Protein Expression 
and Puri?cation, vol. 1, pp. 3-8 (1990); Harris et al. (1997) 
Bioseparation 7:31-7; Degener et al. (1998) J Chromatog 
799:125-37; Wilkins (1993) J Cell Biochem. Suppl. 0 (17 
part A):39; the entire disclosures of each of Which are herein 
incorporated by reference. In a typical embodiment, milk is 
centrifuged, eg at a relatively loW speed, to separate the 
lipid fraction, and the aqueous supernatant is then centri 
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fuged at a higher speed to separate the casein in the milk 
from the remaining, “Whey” fraction. Often, biomedical 
proteins are found in this Whey fraction, and can be isolated 
from this fraction using standard chromatographic or other 
procedures commonly used for protein puri?cation, eg as 
described elseWhere in the present application. In one pre 
ferred embodiment, GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-l0, or GMG-ll polypeptides are puri?ed using anti 
bodies speci?c to GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-l0, or GMG-ll polypeptides, eg using a?inity chro 
matography. In addition, methods can be used to isolate 
particular GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-l0, 
or GMG-ll fragments, e.g. electrophoretic or other methods 
for isolating proteins of a particular siZe. The GMG-7A, 
GMG-7B, GMG-8, GMG-9, GMG-l0, or GMG-ll 
polypeptides isolating using these methods can be naturally 
occurring, as GMG-7A, GMG-7B, GMG-8, GMG-9, GMG 
10, or GMG-ll polypeptides have been discovered to be 
naturally present in the milk of mammals, or can be the 
result of the recombinant production of the protein in the 
mammary glands of a non-human mammal, as described 
infra. In one such embodiment, the GMG-7A, GMG-7B, 
GMG-8, GMG-9, GMG-l0, or GMG-ll is produced as a 
fusion protein With a heterologous, antigenic polypeptide 
sequence, Which antigenic sequence can be used to purify 
the protein, e.g., using standard immuno-af?nity methodol 
ogy. 

In addition, shorter protein fragments may be produced by 
chemical synthesis. Alternatively, the proteins of the inven 
tion are extracted from cells or tissues of humans or non 
human animals. Methods for purifying proteins are knoWn 
in the art, and include the use of detergents or chaotropic 
agents to disrupt particles folloWed by differential extraction 
and separation of the polypeptides by ion exchange chro 
matography, af?nity chromatography, sedimentation accord 
ing to density, and gel electrophoresis. 
Any GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-l0, or 

GMG-DNA, including those in SEQ ED NO: 1, 3, 5, 7, 9 or 
11, can be used to express GMG-7A, GMG-7B, GMG-8, 
GMG-9, GMG-l0, or GMG-ll polypeptides. The nucleic 
acid encoding the GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-l0, or GMG-ll to be expressed is operably linked to 
a promoter in an expression vector using conventional 
cloning technology. The GMG-7A, GMG-7B, GMG-8, 
GMG-9, GMG-l0, or GMG-ll cDNA insert in the expres 
sion vector may comprise the coding sequence for: the 
full-length GMG-7A, GMG-7B, GMG-8, GMG-9, GMG 
10, or GMG-ll polypeptide (to be later modi?ed); from 6 
amino acids to any integer less than the full-length GMG 
7A, GMG-7B, GMG-8, GMG-9, GMG-l0, or GMG-ll 
polypeptide; a GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-l0, or GMG-ll fragment; or variants and % similar 
polypeptides. 

The expression vector is any of the mammalian, yeast, 
insect or bacterial expression systems knoWn in the art, some 
of Which are described herein. Commercially available vec 
tors and expression systems are available from a variety of 
suppliers including Genetics Institute (Cambridge, Mass.), 
Stratagene (La Jolla, Calif.), Promega (Madison, Wis.), and 
Invitrogen (San Diego, Calif.). If desired, to enhance expres 
sion and facilitate proper protein folding, the codon context 
and codon pairing of the sequence can be optimiZed for the 
particular expression organism into Which the expression 
vector is introduced, as explained by Hat?eld, et al., US. 
Pat. No. 5,082,767, the disclosures of Which are incorpo 
rated by reference herein in their entirety. 
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If the nucleic acid encoding any one of the GMG-7A, 

GMG-7B, GMG-8, GMG-9, GMG 10, or GMG-ll polypep 
tides lacks a methionine to serve as the initiation site, an 
initiating methionine can be introduced next to the ?rst 
codon of the nucleic acid using conventional techniques. 
Similarly, if the insert from the GMG-7A, GMG-7B, GMG 
8, GMG-9, GMG-l0, or GMG-ll polypeptide cDNA lacks 
a poly A signal, this sequence can be added to the construct 
by, for example, splicing out the Poly A signal from pSG5 
(Stratagene) using BglI and Sail restriction endonuclease 
enZymes and incorporating it into the mammalian expres 
sion vector pXTl (Stratagene). pXTl contains the LTRs and 
a portion of the gag gene from Moloney Murine Leukemia 
Virus. The position of the LTRs in the construct alloWs 
ef?cient stable transfection. The vector includes the Herpes 
Simplex Thyridine Kinase promoter and the selectable neo 
mycin gene. 

The nucleic acid encoding GMG-7A, GMG-7B, GMG-8, 
GMG-9, GMG-l0, or GMG-ll can be obtained by PCR 
from a vector containing the GMG-7A, GMG-7B, GMG-8, 
GMG-9, GMG-l0, or GMG-ll nucleotide sequence using 
oligonucleotide primers complementary to the desired 
GMG-7A, GMG-7B, GMG-8, GMG-9, GMG-10, or GMG 
11 cDNA and containing restriction endonuclease sequences 
for Pst I incorporated into the 5' primer and BglII at the 5' 
end of the corresponding cDNA 3' primer, taking care to 
ensure that the sequence encoding the GMG-7A, GMG-7B, 
GMG-8, GMG-9, GMG-l0, or GMG-ll is positioned prop 
erly With respect to the poly A signal. The puri?ed poly 
nucleotide obtained from the resulting PCR reaction is 
digested With PstI, blunt ended With an exonuclease, 
digested With BglII, puri?ed and ligated to pXTl, noW 
containing a poly A signal and digested With BglII. 

Transfection of a GMG-7A, GMG-7B, GMG-8, GMG-9, 
GMG-l0, or GMG-ll expressing vector into mouse NIH 
3T3 cells is one embodiment of introducing polynucleotides 
into host cells. Introduction of a polynucleotide encoding a 
polypeptide into a host cell can be effected by calcium 
phosphate transfection, DEAE-dextran mediated transfec 
tion, cationic lipid-mediated transfection, electroporation, 
transduction, infection, or other methods. Such methods are 
described in many standard laboratory manuals, such as 
Davis et al. ((1986) Methods in Molecular Biology, Elsevier 
Science Publishing Co., Inc., Amsterdam). It is speci?cally 
contemplated that the polypeptides of the present invention 
may in fact be expressed by a host cell lacking a recombi 
nant vector. 

A polypeptide of this invention can be recovered and 
puri?ed from recombinant cell cultures by Well-knoWn 
methods including ammonium sulfate or ethanol precipita 
tion, acid extraction, anion or cation exchange chromatog 
raphy, phosphocellulose chromatography, hydrophobic 
interaction chromatography, a?inity chromatography, 
hydroxylapatite chromatography and lectin chromatogra 
phy. Most preferably, high performance liquid chromatog 
raphy (“HPLC”) is employed for puri?cation. Polypeptides 
of the present invention, and preferably the secreted form, 
can also be recovered from: products puri?ed from natural 
sources, including bodily ?uids, tissues and cells, Whether 
directly isolated or cultured; products of chemical synthetic 
procedures; and products produced by recombinant tech 
niques from a prokaryotic or eukaryotic host, including, for 
example, bacterial, yeast, higher plant, insect, and mamma 
lian cells. 

Depending upon the host employed in a recombinant 
production procedure, the polypeptides of the present inven 
tion may be glycosylated or may be non-glycosylated. 
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Preferably the polypeptides of the invention are non-glyco 
sylated. In addition, polypeptides of the invention may also 
include an initial modi?ed methionine residue, in some 
cases as a result of host-mediated processes. Thus, it is Well 
knoWn in the art that the N-terminal methionine encoded by 
the translation initiation codon generally is removed With 
high e?iciency from any protein after translation in all 
eukaryotic cells. While the N-terminal methionine on most 
proteins also is ef?ciently removed in most prokaryotes, for 
some proteins, this prokaryotic removal process is ine?i 
cient, depending on the nature of the amino acid to Which the 
N-terminal methionine is covalently linked. 

In addition to encompassing host cells containing the 
vector constructs discussed herein, the invention also 
encompasses primary, secondary, and immortaliZed host 
cells of vertebrate origin, particularly mammalian origin, 
that have been engineered to delete or replace endogenous 
genetic material (e.g., coding sequence), and/or to include 
genetic material (e.g., heterologous polynucleotide 
sequences) that is operably associated With the polynucle 
otides of the invention, and Which activates, alters, and/or 
ampli?es endogenous polynucleotides. For example, tech 
niques knoWn in the art may be used to operably associate 
heterologous control regions (e.g., promoter and/or 
enhancer) and endogenous polynucleotide sequences via 
homologous recombination, see, e.g., US. Pat. No. 5,641, 
670, issued Jun. 24, 1997; International Publication No. WO 
96/29411, published Sep. 26, 1996; International Publica 
tion No. WO 94/12650, published Aug. 4, 1994; Koller et 
al., (1989) Proc Natl Acad Sci USA 86:8932-5; Koller et al., 
(1989) Proc Natl Acad Sci USA 86:8927-31; and Zijistra et 
al. (1989) Nature 342:435-8; the disclosures of each of 
Which are incorporated by reference in their entireties). 

Modi?cations 

In addition, polypeptides of the invention can be chemi 
cally synthesiZed using techniques knoWn in the art (See, 
e.g., Creighton, 1983 Proteins. NeW York, N.Y.: W.H. Free 
man and Company; and Hunkapiller et al., (1984) Nature 
310:105-11). For example, a relative short fragment of the 
invention can be synthesiZed by use of a peptide synthesiZer. 
Furthermore, if desired, nonclassical amino acids or chemi 
cal amino acid analogs can be introduced as a substitution or 
addition into the fragment sequence. Non-classical amino 
acids include, but are not limited to, to the D-isomers of the 
common amino acids, 2,4-diaminobutyric acid, a-amino 
isobutyric acid, 4-aminobutyric acid, Abu, 2-amino butyric 
acid, g-Abu, e-Ahx, 6-amino hexanoic acid, Aib, 2-amino 
isobutyric acid, 3-amino propionic acid, ornithine, norleu 
cine, norvaline, hydroxyproline, sarcosine, citrulline, 
homocitrulline, cysteic acid, t-butylglycine, t-butylalanine, 
phenylglycine, cyclohexylalanine, b-alanine, ?uoroamino 
acids, designer amino acids such as b-methyl amino acids, 
Ca-methyl amino acids, Na-methyl amino acids, and amino 
acid analogs in general. Furthermore, the amino acid can be 
D (dextrorotary) or L (levorotary). 

The invention encompasses polypeptides Which are dif 
ferentially modi?ed during or after translation, e.g., by 
glycosylation, acetylation, phosphorylation, amidation, 
derivatiZation by knoWn protecting/blocking groups, pro 
teolytic cleavage, linkage to an antibody molecule or other 
cellular ligand, etc. Any of numerous chemical modi?ca 
tions may be carried out by knoWn techniques, including but 
not limited to, speci?c chemical cleavage by cyanogen 
bromide, trypsin, chymotrypsin, papain, V8 protease, 
NaBH4; acetylation, formylation, oxidation, reduction; 
metabolic synthesis in the presence of tunicamycin; etc. 
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Additional post-translational modi?cations encompassed 

by the invention include, for example, N-linked or O-linked 
carbohydrate chains, processing of N-terminal or C-ter'minal 
ends), attachment of chemical moieties to the amino acid 
backbone, chemical modi?cations of N-linked or O-linked 
carbohydrate chains, and addition or deletion of an N-ter 
minal methionine residue as a result of procaryotic host cell 
expression. The polypeptides may also be modi?ed With a 
detectable label, such as an enZymatic, ?uorescent, isotopic 
or a?inity label to alloW for detection and isolation of the 
polypeptide. 

Also provided by the invention are chemically modi?ed 
derivatives of the polypeptides of the invention that may 
provide additional advantages such as increased solubility, 
stability and circulating time of the polypeptide, or 
decreased immunogenicity. See US. Pat. No. 4,179,337. 
The chemical moieties for derivitiZation may be selected 
from Water soluble polymers such as polyethylene glycol, 
ethylene glycol/propylene glycol copolymers, carboxymeth 
ylcellulose, dextran, polyvinyl alcohol and the like. The 
polypeptides may be modi?ed at random positions Within 
the molecule, or at predetermined positions Within the 
molecule and may include one, tWo, three or more attached 
chemical moieties. 
The polymer may be of any molecular Weight, and may be 

branched or unbranched. For polyethylene glycol, the pre 
ferred molecular Weight is betWeen about 1 kDa and about 
100 kDa (the term “about” indicating that in preparations of 
polyethylene glycol, some molecules Will Weigh more, some 
less, than the stated molecular Weight) for ease in handling 
and manufacturing. Other siZes may be used, depending on 
the desired therapeutic pro?le (e.g., the duration of sustained 
release desired, the effects, if any on biological activity, the 
ease in handling, the degree or lack of antigenicity and other 
knoWn effects of the polyethylene glycol to a therapeutic 
protein or analog). 
The polyethylene glycol molecules (or other chemical 

moieties) should be attached to the polypeptide With con 
sideration of effects on functional or antigenic domains of 
the polypeptide. There are a number of attachment methods 
available to those skilled in the art, e.g., EP 0 401 384, herein 
incorporated by reference (coupling PEG to G-CSF), see 
also Malik et al. (1992) Exp Hematol (8)11028-35, reporting 
pegylation of GMG-CSF using tresyl chloride). For 
example, polyethylene glycol may be covalently bound 
through amino acid residues via a reactive group, such as, a 
free amino or carboxyl group. Reactive groups are those to 
Which an activated polyethylene glycol molecule may be 
bound. The amino acid residues having a free amino group 
may include lysine residues and the N-terminal amino acid 
residues; those having a free carboxyl group may include 
aspartic acid residues, glutamic acid residues and the C-ter 
minal amino acid residue. Sulfhydryl groups may also be 
used as a reactive group for attaching the polyethylene 
glycol molecules. Preferred for therapeutic purposes is 
attachment at an amino group, such as attachment at the 
N-terminus or lysine group. 
One may speci?cally desire proteins chemically modi?ed 

at the N-terminus. Using polyethylene glycol as an illustra 
tion of the present composition, one may select from a 
variety of polyethylene glycol molecules (by molecular 
Weight, branching, etc.), the proportion of polyethylene 
glycol molecules to protein (polypeptide) molecules in the 
reaction mix, the type of pegylation reaction to be per 
formed, and the method of obtaining the selected N-termi 
nally pegylated protein. The method of obtaining the N-ter 
minally pegylated preparation (i.e., separating this moiety 
























































































